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For  the  greater  convenience  of  th6 
reader  this  index  has  been  made  both 
titular  and  topical  in  nature.  Original 
titles  of  articles  have  been  amplified  or 
condensed  for  the  purposes  of  the  index 
as  seemed  best.  Subjects  have  been  in- 
dexed ithich  are  treated  in  articles  and 
not  originally  embraced  in  the  title. 
Nothing  has  been  indexed  under  "con- 
crete" and  nothing  under  "cement"  ex- 
cept when  the  nature  or  testing  of  cement 
is  involved  or  some  statistics  as  to  its 
production  or  use.  In  short,  "cement" 
has  been  used  as  an  index  word  only 
when  it  appeared  as  the  only  comprehen- 
sive way  of  designating  the  matter.  Illus- 
trated articles  are  denoted  by  an  asterisk 
after  the  title.  Editorials  are  designated 
by  "E";  articles  in  the  Information  and 
Consultation  department  by  "I-C";  Cor- 
respondence department  matter  by  "C" 
and  Netv  Equipment  Methods  and  Mate- 
rials department  articles  by  "Eq."  The 
months  and  pages  are  given. 

A 

Absorption  Test  of  Concrete  Stone.. Mar.  126 

Accounting,     Difliculties    In    Construction 

Cost     May  258 

Acid  Washing  Concrete  Products,  Meth- 
ods for,  I-C  Mar.  157 

Administration      Building,     Canal     Zone, 

*     Apr.  176 

Affleck.  B.  F.,  Succeeds  Edward  M.  Hagar 

as   Cement   Co.    Head Mar.  140 

Aggregate  in  Concrete,  The  Use  of  Blast 

Furnace   Slag  as   an,   I-C Apr.  210 

— on  Concrete,  Effects  of  Metal-Bear- 
ing,   I-C    May  248 

—for  Concrete  Block,  Crushed  Brick  as, 

I-C     June  305 

^n  Concrete  Work,  The  Use  of  Hand- 
Hammer  Crushed  Brick  as  an, 
C    .Mar.  160 

—Just,  Not  "Fine"  Nor  "Coarse"  E 
Mar.  Ill 

—Field    Methods    Jan.     31 

—Heating  Concrete,  I-C   Apr.  212 

— Pre-Cast  Concrete  Units  and  Exposed, 
— Houses   at   Forest   Hills   Gardens, 

*     Jan.       3 

Air  Space.  E June  272 

Albany,    N.   Y.,   Delaware  &  Hudson   Co. 

Office    Building    * June  289 

Alkali  on  Concrete  Drain  Tile  Near  Lake 
Park,  Iowa,  Investigation  of  the  Ef- 
fects   of    June  278 

—Protection  of  Concrete  Against,  I-C. . 

Feb.     89 

—Use  of  Linseed  Oil  to  Protect  Con- 
crete  from,    I-C    Feb.     90 

American  Assn.,  Facts  and  Opinions  from 

the,— Concrete    Roads    Feb.     96 

—Concrete    Institute,    Eleventh    Annual 

Convention    of    Mar.  11.3 

— Concrete     Institute     Program,      1915, 

Feb.     95 

— Concrete  Pipe  Association,  Feb.  15-16, 

Annual    Convention    Mar.  141 

— Roadbuilders   Association,  Officers  of, 

Mar.  140 

^Society  for  Testing  Materials 309 

Anchor,  A  Novel  Concrete,   *  Eq.   ...May  265 
Arboretum.   Arnold,  Concrete  Posts  Used 

in,    Boston,    *    Feb.  110 

Arches,    Symmetrical   Masonry    (Bookl . . . 

Mar.  161 

Architecture— Concrete;  A  Medium  of 
Aesthetic  Expression  (.'^m.  Con. 
Inst.)    Mar.  119 


— Concrete     Products,     Floors,     Stucco, 

(Am.    Con.    Inst.)    Mar.  117 

Armor  Plate,  Concrete.  E June  272 

Austin-Nichols  Building  at  Brooklyn,  N. 
Y.,  Concrete   Plant   Used   on   the   * 

May  261 

Australia,     Business     Opportunity     in,     C 

Jan.    41 

B 

Bag  Cleaner,  A  New,  with  Counting  De- 
vice,   *    Eq Apr.  221 

Balustrade.  Brushed  Concrete,  along  Erie 

Canal.   Rochester.    N.   Y.,    * Feb.  102 

— Administration    Building,    Panama,    * 

Apr.  179 

Banquet,  American  Concrete  Institute 
Eleventh   Annual    (Am.  Con.   Inst.) 

Mar.  122 

Bar  Bender.  The  U,  *  Eq.  Apr.  221 

—Bending  Tool,  A  New,  *  Eq Apr.  222 

—Benders,    Efficiency,    *   Eq June  312 

— Benders,   Hinman.   *  Eq June  311 

—Spacer  and   Supporter,   *  Eq June  312 

—Support.   The  U,   *  Eq May  265 

Basement   Floor.   Renewing   a,   I-C. .  .Jan.    40 
Beam  and  Slab  Forms— Field  Methods  in 

Concrete  Construction  *   June  285 

— Wall.   Details  in  Reinforced  Concrete 

Building.    *    Feb.     88 

Beams.  Analvsis  of  Stresses  in  Rectangu- 
lar— Design  Methods  in  Concrete 
Construction,    *    Mar.  145 

—Analvsis  of  Stresses  in  T-Beams  and 

Design  of,   in   General,   * Apr.  190 

^.Analytical  Statics  of  Simple — De- 
sigh  Methods  in  Concrete  Construc- 
tion,  *    Jan.     33 

—in  Bending.  A  New-Old  Theory  for 
Reinforced  Concrete  (Am.  Con. 
Inst.)    Mar.  117 

—and   Girders,   Expansion  Joints  Over, 

l.Q    Feb.     93 

—Graphical    Statics    of    Simple Feb.     83 

Bird    House.   Concrete   Standard    for   a, — 

Barberton.  Ohio.  *  Apr.  180 

Blast   Furnace   Slag,    The   Use   of,   as   an 

Aggregate  in  Concrete,  I-C Apr.  210 

Block,     Attractive     Concrete,     in     Pough- 

keepsie    House.    *    Feb.     98 

—Building    Code    Regulation     of.     and 

Other  Building  Units Apr.  181 

—Business,"   The,   E Feb.     57 

^Concrete.  Used  in  Attractive  and 
Economical  House  Construction  at 
Mooseheart.    111.,    * Jan.     15 

— Crushed  Brick  as  Aggregate  for  Con- 
crete,  I-C    June  305 

— House  Construction,  Good  Practice  in 

Concrete.    I-C    June  305 

— House.      An      Ensineer's      Concrete — 

Built  in  Riverside.  Cal.,  * Jan.     20 

— House.  Concrete,  with  Double  Wall, 
Which  Cost  Less  Than  $2,500,  * 
Jan.     44 

—Manufacture  and  Use.  The  Regula- 
tion of  Concrete.   7-0 Apr.  208 

—The  Manufacture  of  Hollow  Concrete, 
in  the  Canal  Zone,— The  .-Vdminis- 
tration    Building.    *    Apr.  1-76 

—Walls,  Mixture  of  Mortar  for  Laying 

Up,    I-C    Jan-     29 

Bondins   New   to   Old,    Painting   Concrete 

Surfaces  and.  C  Mar.  160 

—Bonding    Plaster    Coating   to    Interior 

Walls  and  Ceilings,  I-C Jan.     36 

Brick   As   Aggregate   for  Concrete   Block, 

Crushed,    I-C     June  305 

— As  An  Aggregate  in  Concrete  Work, 
The  Use  of  Hand-H  a  m  m  e  r 
Crushed,    C    Mar.  160 

— Manufacture  by  Patients  in  a  State 
Hospital,  Preliminary  Work  in,  * 
Mar.  136 

— Pavin?.  Use  of  Grout  Filler  in.  C.Feb.     94 

—Plant  in  Hospital  Broom  Shop.  Notes 

on  Equipment  of  a  Concrete,  *.Apr.  193 
Bridge  Approaches,  An  Efficient  Concrete 

Plant  on,   "    -Apr.  216 
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— at  Mestre,  Italy,  Notes  on  Desigrn  and 
Construction  of  Provincial  High- 
way,   *    Inne  294 

— Cedar  Ave.,  Surface  Treatment  of,  * 

Apr.  173 

— Continental  Ave.,  Long  Island  R. 
R.,  Forest  Hills.  N.  Y.,  Surface 
Treatment   of,    *    Apr.  169 

— Floors,  Concrete    June  298 

— Gravers  Lane,  Surface  Treatment  of, 

*    Apr.  1 73 

— Independence       Boulevard,      Chicago, 

Treatment  of.   * Apr.  171 

— Overhead  Highway  Arch.,  South  Park, 
Fall  Kiver,  Mass.,  Surface  Treat- 
ment   of,    *    .A^pr.  170 

— 6fitli  Ave.,  Philadelphia.  Surface  Treat- 
ment of,  with  Tile.  ' Apr.  174 

— Taconv  Creek  Arch,  Pluiadelphia,  Sur- 
face Treatment  of.  *  Apr.  172 

— The  Morris  Turnpike  Arch,  at  Hopat- 
cong,   N.  J.,  Surface  Treatment  of, 

*     Apr.  169 

— The  Yardlev.  Philadelphia  &  Reading 

Ry.,  Surface  Treatment  of,  *..Apr.  170 
Bridges  and  Ciilverts,  Reinforced  Con- 
crete   Higrhway     (.\m.    Con.    Inst.) 

Mar.  116 

— for    Railway     atid     Highway    Traffic, 

Surface  Treatment    of    Concrete.   * 

Apr.  169 

— The  Design  of  Concrete.  With  Special 

Reference  to  Standardization    (.\m. 

Con.    Inst.)     Mar.  115 

— at    Houston.    Texas,    Concrete    Litrht- 

ing   Standards   for,    *    Mar.  123 

Brooklyn,  \.  Y.,  Concrete  Plant  Used  on 

the    Austin-Nichols    Building,    *.... 

May  201 

Brushed   Concrete  Balustrade   Along  Erie 

Canal,   Rochester.   N.   Y.,   * Feb.  102 

Bucket  and  Hoist  for  Concrete  Handling, 

An  Inexpensive,  *    May  257 

Building    at    Brooklyn.     N.     Y..    Concrete 

Plant   Used   on    the    Austin-Nichols. 

*    May  261 

—Code.   A  Basic.  E Feb.     57 

— Code    Regulation    of    Concrete    Block 

and   Other   Building  Units Apr.  181 

— Construction.    Concrete    in    Metronol- 

itan    (Am.    Con.    Inst.) Mar.  120 

— Development,    Co-operation    in    Small, 

C     Ian.     42 

— Regulations,    E Apr.  107 

— Regulations    in    Massachusetts,    E.... 

May  220 

— Reinforced  Concrete — A  One-Story 
Machine  Shop  at  Norfolk  Downs. 
Mass., — Designed  for  Two  Addi- 
tional   Stories,    *     May  259 

— Shoring  a  Large  9-Story,  During 
Freezing  Weather  at  Detroit,  Mich., 

*     Apr.  197 

— Temperature  Measurements  in  Con- 
crete,   *    I-C    Mar.  155 

— Wall      Beam     Details    in    Reinforced 

Concrete,    *    Feb.     88 

Buildings  at  the  Edison  Factorv,  West 
Orange,  N.  .1..  The  Fire-Resisting 
Qualities  of  Concrete,  * Ian.     29 

— A  New  System  of  Centering  for  Con- 
crete, *  Eq May     269 

— Economics    in    Concrete June  302 

c 

Canada.  Building  Concrete  Drops  on  Irri- 
gation  Canals   in   Western,   *..May  236 

Canadian    Cement,    Does    Russia    Want.. 

May  231 

Canal.  Notes  on  Concrete  Con.struction  on 

the  N.  Y.  .State  Barge,  * Apr.  205 

^Zone.  The  Manufacture  of  Hollow 
Concrete  Block  in  the, — The  Admin- 
istration   Building,    * Apr.  176 

Canals  in  Western  Canada.  Building  Con- 
crete Drops  on  Irrigation May  236 

Car  Unloafler,  A  Portal)le,  Handling  Sand 

and    Gravel.    *    Eq Apr.  223 

Carpenter  Shop,  Details  of  a  Standard 
Portable,  on  Construction  Work,  * 
Apr.  186 

Catskill     .Aqueduct     Buildings,     Synthetic 

T~  /                  Manufactured    Stone     as     Used    in 
/\  the,    *    Mar.  125 

f  — .\queduct.    Concrete    Forms    for    the 

/■  ^    ^  'Am.    Con.    Inst.)     Mar.  122 

KV'fjCement— Field    Methods    Ian.     31 

KJd  W     — (;>  psum     and     Lime     Manufacturers. 

^   ^-^  _  Directory  of Apr.  216 

f        /  V  —Possibilities  of  the  80-lb.  Package  for. 

V^    /    C—        (;    Apr.  214 

.    •/'     —Products  Exhibition  Co.,  Officers 

1/     (^,  J\ine  309 

'  V^    —Products  Show,  Without  the  Products. 

E   Mar.  112 

— Second  in  Pennsylvania's  Mineral  In- 
dustries     Jan.     23 

— Test  Requirements,  Lack  of  a  Stand- 
ard and  Uniform  Method  of,  C.May  255 
Centering  for  Concrete  Buildings,  A   New 

System   of,    *   E'j May  269 

—Continuous  System  of,  *   Feb.     60 

Chemical     Reagents,     Their     Purity     and 

Tests,    (Book)    Lin.     52 

Chicago    Cement    Sliow   and    Its    Field    of 

Influence,     E M'«r.  Ill 

—Cement     Show,     Two     Buildings     for 

1916 Apr.  215 

II 


Chimnevs    in    Havana,    Reinforced    Con- 
crete,   *    June  281 

China,    Progress   in Apr.  175 

Cincinnati,   Notes  on  Construction  of  the 

Eden    Park    Reservoir,    * Mar.  134 

Cinder  Concrete   Floors.  Testing Jan.    25 

—Fill    on    Concrete   Roofs,    * Feb.     86    ■ 

Cistern    Forms,    *   Eq Feb.  107 

Clamp,  Chain,  for  Column  Forms,  *  Eq.. 

June  312 

Clincher  for  U  Support-Ties  for  Reinforc- 
ing Bars,   *   Eq Apr.  223 

Code.    A   Basic   Building,   E Feb.     57 

— Building,      Regul.ation      of      Concrete 
Block   and     Other     Building    Units, 

Apr.  181 

— Suggested,    for    Small    Municipalities, 

.    . > Apr.  183 

Codes,    Building,    E Apr.  167 

Coignet.   Edmond,   Dead June  272 

Cold  Weather,  Concrete  in.  C Feb.     94 

— Weather,   Concreting   in,    C .\pr.  213 

Coloring  Concrete  Surfaces  While  Finish- 
ing,   C    lune  308 

Columns    and    Footings— Design    Methods 

in  Concrete  Construction.   * lune  282 

Column  Forms:  Design  and  Construction, 

*     .\pr.  187 

Concrete  Stone.  For  Interior  and  Exterior 

Trim    (Illustrations    only) June  202 

Conduit  for  Water  Supply,  Concrete,   *.. 

lune  299 

Contractor's      Equipment,      Austin-Nichols 

Warehouse   (Am.  Con.  Inst.).. Mar.  121 
Conveving  in  Structural  Tile  Factory.   *. 

". Feb.    66 

Conveyors  in   Factory  Building  Construc- 
tion,   *    Feb.     62 

Cooling  Box.  A  Concrete,  * Feb.  103 

Cottage  Competition,  Prize  Design  in  Eng- 
lish   Farm,    * Apr.  218 

Cotton  Mills.  Concrete  Prevents  Vibration 

in    lune  293 

Cornice.  Suggestion  for  Combination  Roof 

and.    *    Jan.    17 

Cost  Data  on  Factorv  Construction.  .Feb.    63 
Cost  of  Railway  Concrete   Work,   Macon, 

p,a '. Feb.     77 

Costs  in  Struchirai  Tile  Factory Feb.     68 

Couplins-    for    Reinforcing    Bars,    A    Mal- 
leable,  *   Eq May  265 

Crusher,   A  New  Portable  Stone,   *  Eq... 

June  312 

Culvert  Pipe.  Tests  of  .Some  Large  Rein- 
forced   Concrete.    * Veh.     78 

Culverts.     Reinforced    Concrete    Highway 

Bridges  and    (Am.  Con.  Inst.)  .Mar.  116 
Curing  Concrete  Roads.  Milvi^aukee  Coun- 
ty     Feb.     74 

—Concrete  Products,  The  Proper  Use  of 

Steam    in,    7-0 .May  253 

—and  Placing  Concrete  with  High  Pres- 
sure    Steam,     Mixing      (Am.     Con. 

Inst  )     M«''-  122 

—Structural  Tile,  * Feb.    67 

D 

Dairy  Barn  at  Trov,  Pa..  Construction  of 

"   Sanitary  Mangers  in.  Eq.  * Feb.  101 

Dam.  Reinforced  Concrete  Storage,  at 
Swift  Current.  Sask..  Canada.  *... 

Apr.  199 

Dampprooflng  and  Waterproofing  in  Egypt 

June  284 

Delaware  &   Hudson   Co.,   Office  Building, 

Albany.    N.    Y..    * •  -June  289 

Derrick  of  1.000  Lbs.  Cap.acity.  A  New 
Portable    Circle-Swing    Builders .    * 

Kq        Aor.  222 

—For  Motor  Truck.  *  Eq Feb.  108 

Design  and  Construction.  Reinforced  Con- 

Crete    (.\m.   Con.  Inst.) Mar.  115 

Factorv    Building.    * Fe"-     59 

—and  Methods  of  Buving  Influence  the 
Cost     of     Steel     Reinforcing     Bars. 

How    .....\pr.  184 

—Methods  in  Concrete  Con.struction.... 

Feb.     83 

—Methods "in  Conc'rete  Construction. . . . 

.Apr.  190 

—Methods'  iii  Concrete  Construction. 
Analytical  Statics  of  Simple  Beams. 

^^  '  Tan.      .i.) 

—Methods  ■  Vn  ■  Concrete     Construction, 

Columns  and  Footings.  *. ... .  -June  282 
—Reinforced    Concrete.    A    Critical    Re- 
view  of   Current   Practice   in    (Am. 

Con     Inst.)    Mar.  11  ( 

—of  Reinforced  Concrete  Structures. 
Basis  of  Current  Practice  in  (Am. 
Con.   Inst.)    • •••^J'Y-  11' 

Detroit.  Mich..  Shoring  a  l-.^^'-K^,?;^^"'^ 
Building  During  Freezing  Wcathir 
at     ♦    Apr.  197 

Drain  Tile  Near  L.ake  Park.  Iowa  Inves- 
tigation of  the  Effects  of  Alkali  on 
Concrete   June  278 

Dye-Houses,  Concrete  Tanks  for,  /-C.Mar.  159 

]<: 

Earthquake,    Only    House    to    Withstand. 

Q  *    lune  308 

Economies  in  Concrete  Buildings lune  302 

Edison  Factorv,  West  Orange.  N.  J..  The 
Fire-Resisting  Qualities  of  Concrete 
Buildings  at  the,  * la"-    29 

Edison    Fire,   E Feb.     57 


—Fire,    The.    E Jan.      1 

— Fire  and  Discussions,  Report  of  Com- 
mittee on    (Am.  Con.   Inst.) ..  .Mar.  120 
— The  Occasion  of  a  Letter  from,  E... 

May  226 

Editorial   Staff,  Changes  in,  E Apr.  168 

Egypt,    Waterproofing   and    Dampprooflng 

in    June  284 

Electrolysis,   Paints  to   Prevent,   *...Juiie  310 

Elevator    of    the    Canadian    Pacific    Ry., 

Righting   the   Tilted   Grain,   *..ADr.  196 
—A  New  Silo,   *  Eq May  267 

England,  Early  Reinforced  Concrete  in,  * 

Feb.     85 

English  Farm  Cottage  Competition,  Prize 

Design  in,  * .\pr.  218 

Equipment,     Contractor's.     Austin-Nichols 

Warehouse  (Am.  Con.  Inst.) ..  .Mar.  121 

Erie    Canal.    Rochester,    N.    Y.,    Brushed 

Concrete  Balustrade  Along,  *..Feb.  102 

Excavator.  Portable,  for  Light  Excava- 
tion and  Sand  and  Gravel  Hand- 
ling,  Eq,    * Feb.  106 

Expansion  Joints  Over  Beams  and  Gird- 
ers, I-C   Feb.     93 

— Measurements  on  a  Concrete  Factory, 

*     Apr.  219 

F 

Facing  Materials  for  Concrete  Brick.  Ta- 
ble .Showing  Relative  Cost  of.. Mar.  136 

Factory  Building  at  Houston,  Texas, 
Methods  and  Costs  in  Constructing, 

*    Feb.     59 

— Expansion  Measurements  on  a  Con- 
crete,  *    .• Apr.  219 

Failure.    Will    Mixing   Concrete   Too    Wet 

Cause    Its   Eventual,    J^-C May  254 

Failures,   Capitalizing   Your,   E June  271 

Eq   June  311 

Fence,    Concrete,    * Feb.     60 

— Post.    Concrete,    Factory   of   C.    B.    & 

Q.   R.   R.   Co.,   * Feb.     99 

—Posts,      Concrete,      for     Lackawanna 

Railway  Lines,    * .\pr.  220 

Field    Methods    in    Concrete   Construction, 

Beam   and   Slab   Forms,   * June  285 

—Methods  in  Concrete  Construction, 
Column  Forms:  Design  and  Con- 
struction,   *    Apr.  187 

— Methods  in  Concrete  Construction,   A 

Consideration    of    Materials. ..  .Jan.     31 
— Problems    in    Concrete    Construction, 

(Am.    Con.    Inst.) Mar.  121 

Filter,  Design  of  An  Anti-Freezing  Wat- 
er,   I-C    Jan.     38 

Fir,  The  Pyramids  and  the  Douglas,  E. . 

Apr.  168 

Fire,    Action   of  Reinforced   Concrete   in, 

Apr.  175 

—Edison,   E    Feb.     57 

—The  Edison,  E Jan.       1 

^Edison.  Report  of  Committee  on,  and 

Discussions    (Am.  Con.  Inst.).. Mar.  120 
— Protection    for   Structural   Members.. 

Mar.  124 

Fire-Resisting  Qualities  of  Concrete,  I-C. 

Jan.     40 

— Qualities  of  Concrete  Buildings  at  the 
Edison    Factorv,    West    Orange.    N. 

J..   *    Jan.     29 

Flagstaff,  Concrete,  Administration  Build- 
ing, Panama,  * Apr.  179 

Flat   Slabs   in    1900,   C Apr.  213 

Floor  and  Roof  Units.  Double-Wall  House 
Construction  with  Pre-Cast   Wall,   * 

Jan.     26 

—Base,  Putting  New  Top  Finish  on  Old, 

j.C    May  252 

— Construction  in  the  Concrete  House 
Suggestions  for  Light  Concrete,  * . . 

Ian.     35 

—Construction,  A  New  Type  of  Hollow 

Concrete,   *  Eq Apr.  222 

—Renewing  a  Basement,  I-C Ian.    40 

Flooring  in   F.actory  Building.   * Feb.     59 

Floors.    .Architecture.    Concrete    Products. 

Stucco   (Am.  Con.  Inst.) Mar.  117 

—Concrete    Bridge    Line  298 

—Concrete,   for  Stables.   C Ian.    42 

—Concrete,  in  Dwelling  Houses,  C.Jan.     41 
—of    Concrete,    Two-Story    House    with 

Walls  and,   * Jan-     50 

— A  New  and  Simple  Method  for  Se- 
curing Dustless  Concrete  (Am.  Con. 

Inst.)     Mar.  118 

— Preparation    to    Prevent    Dusting    ot, 

Eq    June  311 

—Testing    Cinder    Concrete Ian.    25 

Footings    and    Columns — Design    Methods 

in  Concrete  Construction,   *...June  282 
Forest    Hills    Gardens,    Houses    at,    Pre- 
Cast    Concrete    Units    and    Exposed 

Aggregates    Jan.      3 

"Form"  of  Hollow  Tile,  House  with  Con- 
crete Walls  and  Permanent  Inte- 
rior,   *    'an.     22 

Forms.  Column.  Design  and  Construction. 

*    Apr.  187 

— Cost  of  in  tiie  Gantner-Mattern  Biuhi- 

ing    ...June  277 

—Design  and  Construction  of,  in  Gen- 
eral—Field    Methods     in     Concrete 

Construction,    *    M,ar-  1  *2 

—Device   for   Wiring,    *  Eq teb.  108 

—For   the   Catskill   Aqueduct,   Concrete 

(Am.   Con.    InsL) \«ar.  122 

—Smooth     Apr.  204 

June,  1015 
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Foiiiulations    fBook)     Mar.  161 

—Repairing  Building;  Supports  and,  witli 

Concrete,    *   Jan.     45 

Freezins:  and  Thawing  Concrete,  7?.. Apr.  167 
— Weatlier   Concrete    Work    at    Detroit, 

Mich.,    *    Apr.  197 

Frost   Action,   Concrete  Roads   and    (Am. 

Con.   Inst.)    Mar.  113 

G 

Gantnor-Mattern  Co.  Knitting  Mill  at  .San 
Franci.sco,  Design  and  Construction 

ofi    *    June  273 

Garden    Walls    and    Buildings    Near    Mid- 
dleburg,    Va.,    Thin    Stucco    Finish 

on,    *    Jan.    24 

Gas,  Gasoline  and  Oil-Engines  (New  book) 

May  256 

Gasoline  and  Oil-Engines,  Gas  (New  book) 

May  256 

Gelatin    and    Plaster   for   Use   in    Making 
Models   and    Molds   for   Ornamental 

Concrete  Work,   * Mar.  150 

Girders.     Expansion    Joints    Over    Beams 

and,    I-C    Feb.     93 

Glue  Molds  Under  Serious  Difficulties,  The 

Use  of,    * Mar.  151 

Grade   Separation,   Macon,   Ga Feb.     75 

Gravel    Concrete,    Permeability    Tests    on 

June  296 

— Field  Methods   Jan.     32 

Gravel.    Pit-Run,    in    Concrete   Road    Con- 
struction     Feb.     96 

Grout  Filler  in  Brick  Paving,  Use  of,  C. 

Feb.     94 

Gj-psum  and  Lime  Manufacturers,  Direc- 
tory  of   Cement Apr.  216 


K 

Kaw  Valley  Levee  Work.  Concrete  Ver- 
sus Stone  Revetment,  in  the,  *.Apr.  203 

Knitting  Mill  at  San  Francisco,  Design 
and  Construction  of  the  Gantner- 
Mattern    Co.,    * June  273 


Labor  in  Structural  Tile  Factory Feb.     68 

Lackawanna     Railway     Lines,     Concrete 

Fence   Posts   for,   * Apr.  220 

Lake  Park,  Iowa,  Investigation  of  the  Ef- 
fects of  Alkali  on  Concrete  Drain 
Tile    Near    June  278 

Lambie  System   House,   * Jan.     50 

Langwies  Viaduct — Chur-Arosa  R.  R., 
Langwies,  Switzerland,  Design  and 
Construction    of   the,    * May  239 

Letter  from  Thomas  A.  Edison,  /7...May  226 

Levee  Work,  Concrete  Versus  Stone  Re- 
vetment, in  the  Kaw  Valley,  *.Apr.  202 

Lighthouse  Construction,  Concrete  Super- 
seding Wood   in,    * Apr.  198 

Lighting  Standards  for  Bridges  at  Hous- 
ton, Texas,  Concrete,  * Mar.  123 

Lime,    Hydrated,    Advantages   in   the    Use 

of.  Over  Ordinary  Slaked  Lime 

Mar.  139 

— Manufacturers,   Directory   of  Cement, 

Gypsum   and    Apr.  216 

Linseed  Oil,   Use  of,  to  Protect  Concrete 

from   Alkali,  I-C Feb.     90 

Location,   Structural   Tile  Factory,   *.Feb.     64 
Locomotive,    Plymouth   Gasoline,    *   Eq... 

June  313 


H 

Hagar,    Edward    M.,    Succeeded   by   B.    F. 

Affleck  as  Cement  Co.  Head... Mar.  140 

Hamilton  College  Library,  Clinton,  N.  Y., 
Trim,  Including  Elaborate  En- 
trance, of  Concrete  Stone.  *...Feb.     58 

Havana,  Reinforced  Concrete  Chimneys  in, 

*     June  281 

Havelock.     Nebr.,    Concrete    Fence     Post 

Factory  of  C.  B.  &  Q.  R.  R.  Co.,   * 

Feb.     99 

Heating  Concrete  Aggregates,  7-C...Apr.  212 
Highway    Traffic.    Surface    Treatment    of 
Concrete  Bridges  for  Railway  and, 

*     Apr.  169 

Hoist  for  Concrete  Handling,  An  Inex- 
pensive   Bucket    and,    * May  257 

House.    An    Engineer's    Concrete    Blocks 

Built  in  Riverside,  Cal.,   * Jan.     20 

House.     Attractive     Concrete     Block     in 

Poughkeepsie,    *    Feb.     98 

House.  Concrete  Block,  Witli  Double  Wall, 
Which   Cost   Less   Than    $2,500,    *.. 

Jan.     44 

— Construction,    Good    Practice    in    Con- 
crete   Block,    I-C June  305 

— Construction  at  Mooseheart,  111.,  Con- 
crete Block  Used  in  Attractive  and 

Economical,    *    Jan.     15 

— Construction,     Some     "Worked     Out" 

Details  in  Concrete.   * Jan.     17 

— Cost     and     Construction     Details     of 
Double   Wall,   on   Long   Island,   *.. 

Jan.     48 

— Double-Wall,    Construction    with    Pre- 
Cast   Wall,    Floor   and   Roof   Units, 

*    Jan.    26 

— Six-Room.     DoTible     Concrete     Walls, 

Costs  Complete.   $3,500,   * Jan.     47 

— Structural    Features    of   a   Large   Re- 
inforced   Concrete.    * Jan.     43 

— Suggestions  for  Light  Concrete  Floor 

Construction  in  the  Concrete,  *.Jan.     35 

— The  Concrete,  E Jan.       1 

— To  Withstand  Earthquake,  Only,  *  C 

June  308 

— Two-Story,  with  Walls  and  Floors  of 

Concrete,    *    Jan.    50 

— With  Concrete  Walls  and   Permanent 
Interior    "Form"    of    Hollow    Tile, 

*    Jan.     22 

Houses  at  Forest  Hills  Gardens — Pre-Cast 

Concrete    Units    and    Exposed    Ag- 
gregates,  *    Jan.       3 

—At   Ogontz   Hill,   * Jan.       9 

— Concrete  Floors  in  Dwelling,  C.Jan.     41 
— Some  Principles  of  Design  as  Applied 

to   Concrete    (Am.  Con.   Inst.). Mar.  117 
—Two:     With     Solid     Concrete     Walls, 

Built  Near  Middleburg,  Va.,  *.Jan.     18 
Houston,  Texas,  Concrete  Lighting  Stand- 
ards for  Bridges  at,   * Mar.  123 

— Texas,    Methods    and    Costs    in    Con- 
structing  Factory   Building   at,    *.. 

Feb.     50 

Hydrated  Lime  Over  Ordinary  Slaked 
Lime,  Advantages  in  Use  of  Com- 
mercially      Mar.  139 


Insulation  in  Concrete  Block  House  Con- 

struction,    I-C    June  305 

Irrigation     Canals    in     Western     Canada. 

Building  Concrete  Drops  on,  *.May  236 


M 


31 


65 


Joints,  Expansion,  Over  Beams  and  Gird- 

.   ers,    I-C    Feb. 

— in    Concrete   Roads Feb. 

June,  1915 


Machine  Shop  at  Norfolk  Downs.  Mass., 
A  One-Story,  Designed  for  Two  Ad- 
ditional  Stories,    * May  259 

Mail  Boxes,  Concrete  Posts  for,  *...Apr.  213 
Mangers  in  Dairy  Barn  at  Troy,  Pa.,  Con- 
struction of  Sanitary,  Eq,  *....Feb.  104 
Mantel,    Concrete,    Made    With    Pre-Cast 

Units,    *    Mar.  138 

Manufactured    Stone,    Strength   of... Mar.  126 
Masonry   Arches,    Symmetrical,    Book   Re- 
view     Mar.  161 

Massachusetts,    Building    Regulations    in, 

E    May  226 

— Institute  of  Technology  Buildings,  De- 
sign and  Construction  of  the    (Am. 

Con.    Inst.)     Mar.  116 

Materials,  A  Consideration  of  —  Field 
Methods   in   Concrete  Construction. 

Jan. 

— In    Structural   Tile   Manufacture 

Feb. 

— Transportation     of,     in     Road     Con- 
struction     Feb. 

—Unloading,   *    Feb. 

Medal,    A    New   Engineering Apr.  215 

Mestre,  Itab-,  Notes  on  Design  and  Con- 
struction    of     Provincial     Highway 

Bridge   at.    * June  294 

Microscope,  Concrete  Under  the.  S..Apr.  168 
Middleburg,    Va.,    Thin    Stucco    Finish    on 
Garden  Walls  and  Buildings  Near, 

*    Jan.     24 

— Va.,    Two    Cottages    with    Solid    Con- 
crete Walls.  Built  Near,  * Ian.     18 

Mid- West  Convention  and   Show Mar.  161 

Mile-A-Minute  Concrete   Work,   E Apr.  168 

Milwaukee  County,  Wisconsin,  Construc- 
tion of  Concrete  Roads  in,   *..Feb.     70 

Mine  Shafts.   Concrete  in Feb.     63 

Mix.   Water  in   the,   E Apr.  167 

Mixer.  Batch.  Before  Adding  Water,  The 
Dry  Mixing  of  Concrete  in  a,  I-C.  . 

..  " Mar.  157 

—3   cu.   ft.   Batch,   *   Eq Feb.  109 

—Horse   Power,    *   Eq Mar.  166 

—A  Machine  Mortar  and  Plaster,  *  Eq 

May  266 

—New  Continuous,   *   Eq Mar.  166 

—A  New  Small  Concrete  Batch,  *  Eq. . 

Apr.  224 

— SnialV  Batcli."   *    Eq Feb.  107 

— Small,    Non-Tilting,    *   Eq M^r.  165 

Mixing  of  Concrete  in  a  Batch  Mixer  Be- 
fore Adding  Water,  The  Dry,  I-C.  . 

Mar.  157 

— Concrete— Field   Methods   in   Concrete 

Construction     Feb.     81 

— Concrete  on   Factory  Building  Job.   "^ 

Feb.     62 

— Concrete'   Too    Wet.    Will,    Cause    Its 

Eventual    Failure,   I-C Mav  254 

— Curing    and     Placing    Concrete    with 
High    Pressure    Steam     (Am.    Con. 

Inst.)    ^J'Y-  ^;: 

—in  Structural   Tile  Factory,   * Feb.     66. 

Molding  Structural  Tile,  * Feb.     66 

Models  and  Molds  for  Ornamental  Con- 
crete Work  Using  Plaster  and  Gela- 

^i,,^   *    Mar.  150 

Molds  for  Ornamental  Concrete  Work. 
Making      the      Models      and— Using 

Plaster   and   Gelatin,   * Mar.  150 

— Sand.     In    Concrete    Stone    Manufac- 
ture,   *    June  293 

— The  Use  of  Glue,  Under  Serious  Dif- 
ficulties,   *    Mar.  151 

Mooseheart,  III.,  Concrete  Block  Used  in 
Attractive  and  Economical  House 
Construction  at,   * Jan.     15 


Mortar,  Mixture  of,  for  Laying  up  Block 

^^■""s  '-C-   Jan.     39 

— anrj   Plaster  Mixer,  A  Machine,  *  Eq 

May  268 

X 

Nail  Collar  for  Form  Nails,  A   Unique,  ♦ 

/f''/    • May  264 

New    Haven,    Conn.,    Residence,    Concrete 

Stone.  *   Feb.     58 

— Conn.,  Showing  Use  of  Concrete  Stone 

(Illustrations   only)    June  292 

N.  y.  State  Barge  Canal,  Notes  on  Con- 
crete  Construction   on   the,    *...Apr.  205 

Norfolk  Downs,  Mass.,  A  One-Story  .Ma- 
chine Shop  Designed  for  Two  Addi- 
tional  Stories,   * May  259 

— State  Hospital,  Brick  Manufacture  in 

*    Mar.  136 

North  Transcona  Elevator,   '^ .\pr.  196 

o 

Office  Building,  Hudson,  N.  y.,  Delaware 

&    Hudson    Co.,    * June  289 

Ogontz  Hill,  Philadelphia— Stucco  in  Sub- 
urban   Architecture,    * Jan.      9 

Oil-Engines,     Gas,     Gasoline     and      (New 

book)     May  259 

Oil-Proof  Reservoirs  of  Concrete,  7-C.May  251 

Organization  for  Road  Work,  * Feb.     71 

Ornamental  Concrete  Work,  Making  the 
Models  and  Molds  for — Using  Plas- 
ter and  Gelatin,   * Mar.  150 


Painting  Concrete   Surfaces   and   Bonding 

New  to  Old,  C Mar.  160 

Painting.    Preparatory   to.    Application    of 
Sulphate  of  Zinc  to  Concrete.  I-C. . 

Jan.     27 

Paints,   to   Prevent   Electrolysis,   * June  310 

Panama,  Placing  Concrete  at May  245 

Parap&t  or  Guard,   Detail  for  Roof  with, 

*    Jan.     17 

Pauly   Tile   at    Panama,    * Apr.  176 

Pavements,  Concrete  Roads  and    (Book) . 

Jan.     52 

Paving,  Use  of  Grout  Filler  in  Brick.  C. 

Feb.     94 

Pennsylvania's     Mineral     Industries,     Ce- 
ment  Second    in Jan.     23 

Pergola,   Concrete.    Terre    Haute,    Ind..    * 

Jan.     46 

Perkins  Institute.  Watertown,  Mass.,  Trim 

of  Concrete   Stone,   * Feb.     58 

Permeability   Tests  on   Gravel  Concrete . . 

June  296 

Philadelphia,  Ogontz  Hill — Stucco  in  Sul> 

urban    Architecture,    * Jan.       9 

— Tests     of    Circular     and     Egg-Shaped 
Concrete  Sewer  Pipe  for  the  Citv  of. 

*     May  232 

Pile  Standards.  Concrete  (New  book). May  256 
Piles    by    Rolling.     Manufacturing    Rein- 
forced Concrete  Poles  or,  *  Eq. yiny  265 
Pipe  Association,  American  Concrete,  An- 
nual  Convention   of,   Chicago,    Feb. 

15-16    Mar.  141 

—for  the  City  of  Philadelphia,  Tests  of 
Circular   and    Egg-Shaped    Concrete 

Sewer,    *    May  232 

^Reinforced  Concrete  Culvert,  Tests  of 

Some   Large,    * Feb.     78 

— Sewer.  The  Manufacture  and  Laying 

of  Concrete    (Am.   Con.   Inst.). Mar.  116 
Pittsburgh     Water     Works.     Design     and 
Construction  of  the  North  Side  Res- 
ervoir of  the.   * May  227 

Placing  Concrete  for  Concrete  Roads. Feb.     96 

— Concrete  Under  Water,   I-C May  249 

Plant,    An    Efficient  Concrete,    on    Bridge 

Approaches,  *   Apr.  216 

— Handbook      of      Construction      (New 

book)     Apr.  216 

— Layout    for    Gantner-Mattern    Build- 
ing     June  277 

— Mechanical,    For    Handling    Concrete 

(Am.  Con.  Inst.) Mar.  121 

— Used   on   the   Austin-Nichols   Building 
at  Brooklyn,  N.   Y.,  Concrete,   *... 

May  261 

Plaster     Coating,     Bonding,     to     Interior 

Walls  and  Ceilings.  I-C Jan.     36 

— and     Gelatin,     Making     Models     and 
Molds     for     Ornamental     Concrete 

Work,    Using,    * Mar.  150 

— Mixer,  A  Machine  Mortar  and,   *  Eq 

May  266 

Plums  in  Concrete.  The  Use  of.  C.Mar.  160 
Poles  or  Piles  bv  Rolling,   Manufacturing 

Reinforced  Concrete,  *  Eq May  265 

— Preserving   and   Reinforcing   Decayed 

Wooden,  with  Concrete Jan.     19 

Post    Factory.    Concrete    Fence,    of   C.   B. 

&  Q.  R.  R.  Co.,   * Feb.     99 

Posts,   Concrete  Anchor,   * Feb.     97 

— Concrete,  Used  in  Arnold  Arboretum, 

Boston,    *    Feb.  110 

— Concrete,   for  Mail   Boxes,   * .\pr.  213 

— Splitting   of  Concrete   Sidewalks   Sur- 
rounding  Iron,    *   I-C May  246 

Poughkeepsie   House,   Attractive  Concrete 

Block  in,   * Feb.     98 

III 
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Pre-Cast  Concrete  Units  and  Exposed  Ag- 
gregates—Houses   at    Forest    Hills 

Gardens.   *    Jan.       3 

— Wall.  Floor  and  Roof  Units.  Double- 
Wall   House  Construction  with,   *.. 

Jan.     26 

Prices,  Concrete  Materials Feb.  109 

— for    Concrete    Roads    in    Milwaukee 

County,   *    Feb.     73 

Products  Manufacture — Structural  Tile.  * 

Feb.     64 

— Methods    for   Acid    Washing   of   Con- 
crete,  I'C   Mar.  157 

— The  Proper   Use  of  Steam  in  Curing 

Concrete.   I-C   May  253 

— Stucco.     Floors,     Architecture.     Con- 
crete   (Am.  Con.   Inst.) Mar.  117 

Proportioning  Concrete — Field  Methods  in 

Concrete   Construction    Feb.     81 

Proportions     of     Concrete     for     Concrete 

Roads    Feb.     9C 

Pudding  Stones.  Use  of,  I-C Apr.  211 

Pyramids.   Tlie,   and   the  Douglas  Fir.  E. 

Apr.  1C8 


R 


Railway  Concrete  Work,   Macon.   Ga..   *. 

Feb.     75 

—and    Highway   Traffic.   Surface   Treat- 
ment of  Concrete  Bridges  for,    *. . 

*  •. Apr.  169 

Regulation.    Building    Code,    of    Concrete 

Block  and   Other  Building   Units... 

, Apr.  181 

Regulation    of    Concrete    Block    Manufac- 
ture and   Use.  I-C Apr.  208 

Reffulatlons,    Building.    E Apr.  167 

Reinforced   Concrete    and   Building   Laws 

(Am.    Con.    Inst.) Mar.  116 

— Concrete   Construction.   Control   of. . . 

.JiinG  ''QT 

— Concrete— Design      and      Construction 

(Am.  Con.  Inst.) Mar.  115 

— Concrete  Design.  A  Critical  Review  of 
Current     Practice     in      (Am.     Con. 

Inst.)     Mar.  117 

—Concrete.   Early,   in   England.   *..Feb.     85 
Reinforcing  Bars.   How  Design  and  Meth- 
ods of  Buying  Influence  the  Cost  of 

Steel    Apr.  184 

—Bars.  Han'I  Power  Open  Throat  Shears 

for  Cutting  Heavy,   *  Eq May  264 

—Bars.  A  Malleable  Coupling  for.  *  Eq 

,  May  265 

—Narrow    Concrete    Roads    (Am.    Con. 

Inst.)     Mar.  113 

Repairing  Buildins  Supports  and  Founda- 
tions with  Concrete.   * Jan.     45 

Reservoir.  Cincinnati.  Notes  on  Construc- 
tion of  the  Eden   Park.   * Mar.  134 

—of  the   Pittsburgh    Water   Works.   De- 
sign and  Construction  of  the  North 

Side,   *   May  227 

Reservoirs   of  Concrete.   Oil-Proof,   I-C. . . 

May  251 

Revetment.  Concrete  Versus  Stone,  in  the 

Kaw   Valley  Levee   Work,   *...Apr.  202 
Riverside.    Cal..    .-^n    Engineer's    Concrete 

Block   House  Built  in,   * Jan.     20 

Roadbuilders  Assn.,  Officers  of  the  Amer- 
ican     Mar.  140 

Road,  Concrete,  in  Philadelphia,  the  Ser- 
vice Test   (Am.  Con.  Inst.) Mar.  113 

Roads.  Concrete,  and   Frost  Action    (Am. 

Con.    Inst.)    Mar.  113 

Road   Congress.    Pan-.American Apr.  215 

— Construction,    Transportation    of    Ma- 
terials in   Feb.     72 

Roads.    Cost    of    Construction    and    Main- 
tenance    of     Concrete     (Am.     Con. 

Inst.)    Mar.  114 

Road   Work.   Organization  for,  * Feb.     71 

Rj)adbed.    Preparation    of Feb.     71 

Roadbeds  in  Concrete  Road  Construction 

Feb.     9C 

Roads  and  Pavements,  Concrete  (Book) . . 

Jan.     52 

— Concrete — Facts    and    Opinions    from 

the   American   Assn Feb.     96 

— Concrete,  in   Milwaukee  County.   Wis- 
consin,  *    Feb.     70 

— Paners.    Reports    and    Discussions    on 

Concrete  CAm.  Con.  Inst.) Mar.  113 

— Permanence   of  Concrete June  300 

— Reinforcing    Narrow    Concrete     CAm. 

Con.    Inst.)     Mar.  113 

— Report    nf    Committee    on    Concrete 

^\m.  Con.  Inst.) Mar.  113 

Rochester.    N.   Y..    Brushed   Concrete  Bal- 
ustrade  Along  Erie  Canal.    *..Feb.  102 
Rockledge.    Florida.   Construction   of  Con- 
crete Swimming  Pool   at.  *....Mar.  1J8 
Roof    and    Cornice.    Suggestion    for    Com- 
bination.   *    Tan.     17 

— Units.    Double-Wall    House    Construc- 
tion with  Pre-Cast  Wall,  Floor  and. 

*   Jan.     20 

— with    Parapet   or   Guard,    Detail    for, 

*     Jan.    17 

Rooflng  Tile,  Cement   (Am.  Con.  Inst.).. 

Mar.  117 

Roofs.  Cinder  Fill  on  Concrete,  *....Feb.     86 
— Flat  Concrete,   Methods  and   Costs  of 
Providing   Slopes   for   Drainage   on. 

*    Feb.     R« 

Russia  Want  Canadian  Cement,  Does. May  231 


s 

Sack-Baler  with  Counting  Device,  *  Eq. . 

^  ,       Apr.  223 

Salona.  Pa.,  .Methods  Used  in  Construct- 
ing a  108- ft.  Monolithic  Concrete 
Silo  Near,  * June  301 

Sand  and  Gravel  Handling,  A  New  Port- 
able Excavator  for  Light  Excava- 
tion  and,  Eq   * Feb.  106 

— and  Stone  Screenings — Field  Methods 

Jan.     31 

— Field  Examination  of  Concrete,  *  I-C 

June  303 

— Molds  in  Concrete  Stone  Manufac- 
ture. *  June  293 

Sands.    Shifting.    E Apr.  168 

San  Francisco,  Design  and  Construction 
of  the  Gantner-Mattern  Co.  Knit- 
ting Mill   at,   * June  273 

Screeds,    Placing,    in    Floor   Construction, 

*    Feb.     63 

Screens,  Revolving  for  Sand,  Gravel  and 

Stone,    *    Eq June  313 

Selling  Methods  of  a  Structural  Tile  Fac- 
tory     Feb.     69 

Sewer  Pipe  for  the  City  of  Philadelphia. 
Tests   of   Circular    and    Egg-Shaped 

Concrete.    *    May  232 

— Pipe.  The  Manufacture  and  Laying  of 
Concrete  (Am.  Con.  Inst.) Mar.  116 

Shears  for  Cutting  Heavy  Reinforcing 
Bars.  Hand-Power.  Open  Throat.  * 
Eq    May  264 

Shoring  a  Large  9-Story  Building  During 
Freezing  Weather  at  Detroit. 
Mich..    *    Apr.  197 

Shoulders   in   Concrete  Roads Feb.     96 
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The  Concrete  House 

nPHAT  "the  concrete  house"  is  elusive  of  defini- 
tion is  made  evident  in  this  issue  of  this  maga- 
zine. Cast-in-place  houses  with  solid  walls  and 
with  double  walls',  with  steels  forms,  and  with  unit 
wall  apparatus ;  houses  of  pre-cast  units  varying 
from  the  relatively  small  block  units  to  light  thin 
sections  for  double  walls  and  large  two-and  three- 
ton  units  handled  by  an  electric  -crane — all  these 
are  in  evidence.  Then  in  the  matter  of  architec- 
tural development  there  are  various  stucco  treat- 
ments, brushed  and  rubbed  surfaces  and  beautiful 
color  effects.  The  concrete  house  is  not  one  kind  of 
liouse.  Concrete  is  a  universal  material  and  its 
variety  of,  applications  does  not  lag  in  realization 
througb  any  inherent  sameness  in  the  material  it- 
self, either  structurally  or  architecturally.  The 
applications  merely  wait  upon  a  skilled  hand  to 
work  them  out.  That  they  are  being  worked  out  to 
meet  various  demands  of  purse  and  taste  there  is 
evidence  in  the  pages  which  follow. 

The  Edison  Fire 

T^  HE  destruction  of  the  Edison  plant  at  West 
Orange,  N.  J.,  the  night  of  Dec.  9,  1914^  which 
is  to  be  classed  as  a  conflagration  and  not  as  an 
ordinary  fire,  merits  considerable  comment,  else- 
where in  this  issue,  in  view  of  the  unusual  char- 
acter of  the  fire,  the  widespread  interest  in  engi- 
neering and  insurance  circles,  and  the  bfehavior  of 
several  types  of  buildings  under  unusual  Stress,  in- 
cluding structures  of  reinforced  concrete. 

The  contents  of  the  Edison  buildings  were  of  the 
most  inflammable  and  heat-creating  types,  including 
wood  used  in  the  manufacture  of  cabinets,  celluloid 
for  films  and  wax  for  phonograph  records,  chemi- 
cal supplies  and  other  material  of  a  highly  inflam- 
mable character. 

The  seven  reinforced  concrete  buildings  (as  well 
as  other  types  of  buildings)  were  equipped  with 
plain  glass  windows  in  wooden  frames  and  sur- 
rounded by  wooden  structures,  no  provision  being 
made  for  any  automatic  sprinkler  or  emergency 
water  service. 

With  few  exceptions;  the  behavior  of  the  rein- 
forced concrete  buildings  under  the  severe  exposure 
to  fire  is  a  notable  testimonial  to  the  excellence  of 


good  concrete  construction.  The  concrete  frame, 
strip23ed  by  fire  of  all  contents,  window  frames  and 
floor  coverings,  is  standing  in  every  instance  but 
one,  with  very  little  injury  to  the  ceilings,  although 
minor  cracks  developed  in  the  beams  and  girders 
over  the  reinforcement  and  forced  off  the  2-in.  con- 
crete covering  in  some  instances.  There  is  hardly 
a  perceptible  sag  or  lean  except  where  the  columns 
have  given  way.  Had  the  concrete  floors  been  un- 
able to  withstand  the  heat,  there  would  undoubtedly 
have  occurred  an  entire  collapse  of  the  buildings. 

All  but  two  of  the  concrete  buildings  will  be 
ready  for  installation  of  equipment  after  washing 
out  with  a  hose  and  placing  new  window  sash  and 
glass,  which  will  be  of  steel  and  wire-glass. 

The  straight-rodded  reinforced  concrete  columns 
(without  stays  or  hoop^j)  on  the  tKird,/floor  of  one 
of  the  buildings  and  i|**^the  lower  st^Ry  of  another 
are  badly  spalled  and  cracked,  due  probably,  to  the 
fact  that  water  was  thrown  on  them  while  red  hot. 
In  a  few  instances  they  have  buckled  and  broken 
in  an  unprecedented  manner,  showing  that  columns 
of  this  type  are  dangerous  in  a  hot  fire.  Aside  from 
column  design,  expert  analysis  will  probably  show 
that  the  design  of  the  buildings,  most  of  which 
were  constructed  about  five  years  ago,  was  not  all 
that  would  be  considered  good  practice  today. 

W.  M.  Kinney,  Associate  Editor 

T  T  is  with  a  great  deal  of  pleasure  that  this  mag- 
azine announces  a  new  member  of  the  board  of 
Associate  Editors:  William  M.  Kinney,  As  Engi- 
neer-in-Charge  of  the  Inspection  and  Information 
Bureaus  of  the  Universal  Portland  Cement  Co.. 
since  last  spring,  Mr.  Kinney  has  contributed  much 
valuable  material  to  this  magazine.  His  name  has 
appeared  with  frequency  over  important  discussions 
in  the  Information  and  Consultation  Department. 
For  some  time  previous  to  last  spring,  Mr.  Kin- 
ney was  principal  assistant  engineer  in  the  Bureaus 
of  which  he  is  now  in  charge.  Of  his  capacity  and 
willingness  to  serve  in  the  cause  of  good  concrete, 
you  already  know.  He  is  in  a  position  to  observe 
important  researches  into  the  proper  uses  of  Port- 
land cement,  and  is  in  touch  with  field  and  factory 
operations  of  wide  variety.  He  has  a  large  and 
able  staff  and  his  and  their  opinions  will  be.  as 
thev  alreadv  have  been,  distinctlv  worth  wliilo. 
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Fig.  1 — Detail  of  Concrete  House  in  Group  II,  Erected  for  tue   Sage   Foundation   Hojies  Co.   Under  Mr.   Atterburv's  Sys- 
tem OF  Hoi.i.ow  Sectional  Concreti:  Construction 


Fig.  2 — View  of  Tower  and  Business  Centi;r  at  Jouest  Hii.i.s  (Jardens 


Jdimnni.  lOlo 


Houses  at  Forest  Hills  Gardens— Pre-Cast  hoIIow 

Concrete  Floor,  Wall  and  Roof  Units    and 
Exposed   Aggregates^ 


By  Frederick  Squires' 


Fig.  3 — Plaza  at  Busixess  Centeu  of  Forest  Hills  Gardexs,  L  jxc;   Island 


A  house  of  pre-cast  concrete  block 
is  no  new  thing,  in  fact,  concrete 
was  first  of  all  used  for  residences  in 
the  form  of  small  pre-cast  block  to 
be  set  by  hand.  The  size  of  the  build- 
ing unit  has  usually  been  predeter- 
mined by  some  peculiarity  of  its 
manufacture,  brick,  for  example,  be- 
ing small  because  only  small  pieces 
of  clay  can  be  burned  successfully. 
In  other  cases  where  there  is  no  such 
limitation  in  manufacture,  the  size 
is  made  convenient  for  handling  both 
while  being  made  and  while  being 
used,  as  in  the  case  of  hollow  tile, 
stone  and  wood.  This  is  the  only 
reason  for  the  size  or  rather  the 
weight  of  the  average  concrete  block, 
one  of  whose  dimensions  is  in  most 
cases  a  wall  thickness.  Steel  is  so 
heavy  in  proportion  to  its  size  that 
almost  all  its  structural  sizes  are  too 
heavy  to  be  handled  without  the  use 
of  machinery,  but  for  all  high  struc- 
tures its  obvious  advantages  far  out- 
weighed this  handicap.  Grosvenor 
Atterbury,  in  the  development  of 
Forest  Hills  Gardens  for  the  Sage 
Foundation,  has  applied  the  methods 
of  handling  steel  to  pre-cast  concrete 
block  for  certain  of  the  dwellings. 

As  monolithic  concrete  construction 


^For  a  statement  of  the  original  program 
of  Grosvenor  Atterbury,  architect  for  the 
Sage  Foundation,  see  Cement  Age,  Dec.,  1910, 
p.  315.  Data  for  the  present  article  were  sup- 
plied by  Mr.  Atterbury. — Editors. 

^Architect,  N.  Y.  C. 


advanced,  it  became  increasingly  cus- 
tomary to  pre-cast  certain  of  the 
structural  parts,  beams  at  first,  but 
finally  even  columns  and  slabs,  al- 
though often  the  slabs  were  poured 
in  place  after  erecting  the  frame 
work.  Ernest  Ransome  perfected  this 
method  for  commercial  work,  and 
meanwhile    j\Ir.    Atterbury,    a    New 


York  architect,  was  conducting  scien- 
tific experiments  looking  as  to  the 
use  of  large  pre-cast  concrete  slabs 
for  floors  and  walls  of  dwelling 
houses. 

These  studies  began  about  10 
years  ago,  and  for  the  last  five  or  six 
years  the  experiments  and  demon- 
strations have  been  conducted  under 


Fig.  4 — View  of  Railroad  Station  Showixg  Pre-Cast  Coxcrete  Grilles,  Brtshed 
Concrete  Stucco  Walls,  and  Half  Tijiber  Applied  in  Sittt  0^'ER  Terra  Cotta 
Blocks 
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.    Showing 
Agrregate 


Texture    of   Brushed   Concrete   Work    Applied   in    Situ 


which  corresponds  pleasantly  in  color 
with  the  red  tile  roofs.  The  pierced 
designs  of  the  chimney  tops  and  the 
exquisite  texture  of  the  concrete 
fleche  finishing  the  tower  are  par- 
ticularly worthy  of  attention.  No- 
where is  the  trademark  of  good  taste 
more .  clearly  printed  than  in  such 
uses  of  a  much  misused  material. 
The  views  of  this  quadrangle  show, 
in  the  sidewalk  arcades,  how  easily 
overhanging  stories  may  be  accom- 
plished in  concrete  construction. 
Passing  through  the  courtyard  and 
looking  back  on  it  from  the  main 
road,  there  is  a  scene  for  picturesque- 
ness  not  equaled  anywhere  in  Amer- 
ica and  for  an  artistic  use  of  concrete 
unequaled  in  the  world.  Pierced 
chimney  tops,  beautifully  toned  stuc- 
co, concrete  paneled  walls,  fountains, 
telephone  poles,  balustrades,  tea- 
houses, ramps,  fleches,  balconies,  all 
executed  with  wonderful  charm  in  a 
material  for  which  a  great  English 
architect  studiously  denied  the  possi- 
bility of  artistic  expression.  For 
years  in  New  York  City  Italian  and 
Greek  ornamental  plaster  makers 
have  been  casting  lovely  concrete 
images  and  engineers  have  been  de- 
signing concrete  buildings.  Mr.  At- 
terbury  has  brought  the  two  together. 
Much  of  the  beauty  of  the  group 
cannot  be  shown  in  the  illustrations, 
the  colors  of  the  exposed  gravel  ag- 
gregates and  the  crushed  red  tile 
playing  an  important  part  in  the  gen- 
eral effectiveness.  There  is  a  warmth 
of  hue  which  has  been  attained  only 
occasionally   in   concrete  work.     The 


appropriations  made  by  the  Russell 
Sage  Foundation.  As  the  result  of 
this  work  Mr.  Atterbury  has  devel- 
oped a  system  of  building  construc- 
tion whereby  mechanical  devices  have 
made  practicable  the  use  of  pre-cast 
concrete  block  many  times  larger 
than  the  old  concrete  hand  unit. 

It  may  be  worth  while  first  to  get  a 
broader  view  of  the  interesting  place 
of  wliicli  this  group  of  pre-cast  slab 
houses  forms  a  part.  The  very  intro- 
duction to  the  ])lace,  the  railroad  sta- 
tion, usually  the  most  distressing  fea- 
ture of  any  American  town,  is  at 
Forest  Hills  a  place  of  excellent  de- 
sign, stucco  covered  and  largely  built 
of  concrete.  Seen  from  its  platform 
is  a  picturesque  new-old  quadrangle, 
all  the  buildings  forming  it  tied  into 
a  unique  composition  by  bridges, 
and  its  interest  magnetized  by  a 
tower,  a  structure  steel  framed  but 
floored  with  concrete. 

These  buildings  are  concrete  panel- 
ed, with  fields  of  brick  work;  the 
tone  of  the  concrete  is  obtained  with 
an   aggregate    of    broken     roof  tile, 

in 


Fig.  6 — Portion  of  Group  VI,  Forest  Hills  Gardens,  L.  I. 

Sliows  in  upper  stories  concrete  half-timber  work  composed  of  pre-cast  hollow  sec- 
tions made  in  the  factory,  reinforced  and  filled  in  erection;  terra  cotta  block  and 
brick  panels  inserted,  also  brushed  concrete  grilles,  copings  on  terrace  walls,  and 
gateways. 

January,  1915 
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Fig.  7- — Group  II,  Forest  Hills  Gardens,  L.  I. 

Of  this  group  the  10  small  houses  were  erected  under  Mr.  Atterbury's  system  of  hollow  sectional  concrete  construction,  the  four 
larger  ones  being  composite  in  type,  with  roofs,  floors  and  partitions  of  various  fireproof  methods  of  construction 


reproductions  from  photographs  do 
show  texture,  however.  Even  the 
concrete  sidewalks  are  obviously  not 
"cement  sidewalks"  as  the  aggre- 
gates have  been  exposed. 

While  the  general  appearance  of 
the  main  groups  is  similar,  in  that 
almost  all  of  the  exterior  walls 
are  paneled  with  concrete  bands  or 
half  timber,  which  represent  the  hori- 
zontal and  the  vertical  reinforcements 
in  the  walls,  they  are  in  some  cases 
formed  in  the  ordinary  way  by  using 
terra  cotta  block  reinforced  and  cov- 
ered with  concrete  stucco  on  the  ex- 
terior, the  intermediate  spaces  being 
filled  in  with  a  veneer  of  brick ;  while 
in  other  cases  it  is  a  true  reinforced 
concrete  skeleton  building  in  whicli 
panels  are  formed  by  the  erection  of 
pre-cast  tubular  concrete  timbers  re- 
inforced and  filled  after  erection  at 
the  building.  This  method  of  con- 
struction— the  employment  of  what 
may  be  called  permanent  molds — is 
the  intermediate  step  between  the 
ordinary  in  situ  process  of  concrete 
construction  and  the  factory-made 
sectional  system  illustrated  in  the 
figures  of  the  group  of  14  houses 
erected  and  now  occupied  for  some- 
thing over  a  year  at  Forest  Hills 
Gardens. 

It  will  be  best  to  preface  the  de- 
scription of  this  group  of  pre-cast 
houses  with  a  visit  to  this  factory 
where  the  units  are  made,  as  is 
shown  in  the  accompanying  illustra- 
tions (beginning  Fig.  13).  Fig.  13 
shows  the  interior  of  the  casting  shed 
or  head  house,  from  which  an  over- 
head electric  crane  runs  out  through 
the  storage  yard,  as  shown  in  Figs. 
14  and  15.  These  illustrations  show 
the  wall,  floor  and  other  sections 
stacked  ready  for  transportation  on 
small  cars  running  over  an  industrial 
railroad  to  the  building  site.  Fig. 
l6  shows  a  car  loaded  with  its  maxi- 
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mum  load  of  8  large  wall  sections  ap- 
proximating 1^  tons  each  in  weight. 
These  cars  were  drawn  by  mule  very 
readily  and  the  sections  picked  off  by 
the  erecting  crane,  shown  from  var- 
ious points  of  view  in  the  succeeding 
illustrations. 

The  entire  process — manufacture, 
transportation  and  erection — involves 
only  three  necessary  handlings  of  the 
units.  After  being  poured  from  the 
mixer  into  the  steel  molds  and  par- 
tially hardened,  the  sections  are 
lifted  out  on  false  bottoms  by  the 
electric  crane  and  finished  while  still 
green;  as  soon  as  they  are  hardened 
they  are  lifted  off  the  false  bottoms 
and  placed  on  the  transportation  cars 
in  the  storage  yard,  to  be  handled  for 


the  third  and  last  time  when  they  are 
picked  off  the  cars  and  set  in  their 
proper  places  in  the  building  by  the 
erecting  crane. 

The  actual  time  during  which  la- 
bor is  put  upon  these  sections,  from 
the  gravel  bin  to  their  completion  in 
the  building,  amounts  to  less  than  five 


Fig.  8 — Detail  of  the  Towx  Cekter,  with  Tower  avd  Arched  Street 
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Fig.  9 — Balcony  Showing  Use  of  Pre-Cast  Decorative  Brushed  Concrete  Panels 
OF  Colored  Aggregate  and  Colored  Concrete  Mosaic  Backgrounds 


hrs.  The  minimum  time  for  season- 
ing, during  which  no  labor  is  put 
upon  the  block,  is  approximately 
three  days  for  the  wall  units  and  one 
week  for  the  floor  sections.  Replace- 
ments were  actually  made  and  set  in 
the  buildings  within  three  days  at 
Forest  Hills  and  2()-ft.  floor  sections 
have  been  handled  one  week  after 
casting.  A  longer  time,  normally, 
should  of  course  be  allowed  for 
manufacturing  and  seasoning.  But 
with  a  proper  plant  and  good 
conditions  the  erection  work  can  be- 
gin witliin  two  weeks  after  the  com- 
mencement of  manufacture.  This  in- 
cludes the  time  necessary  to  finish 
completely  both  the  exterior  and  the 
interior  of  the  wall  sections,  for  the 
system  contemplates  the  omission  of 
lath,  plaster  and  interior  trim,  the 
section  being  molded  on  the  interior 
side  so  as  to  form  panels  in  the  walls 
of  the  rooms,  as  may  be  seen  in  Fig. 
27  where  the  block  are  standing 
ready  to  be  leveled  up  on  the  floor  of 
the  building. 

The  process  of  erection  is  designed 
so  as  to  eliminate  as  much  as  possible 
the  scaffolds,  temporary  supports  and 


the  waste  time  consequent  upon  the 
ordinary  construction,  where  one 
trade  follows  another  and  is  more  or 
less  dependent  upon  prompt  co- 
operation. 

In  this  operation  the  time  occu- 
pied in  lifting  the  block  from  the 
transportation  car  and  placing  it  in 
position  in  the  buildin,  trued  up  and 


wedged  ready  for  grouting,  averaged 
about  20  minutes  for  each  sec- 
tion. As  a  matter  of  fact,  owing  to 
the  shape  of  the  group,  it  was  im- 
possible to  keep  the  crane  busy,  since 
tlie  greatest  number  of  houses  erected 
at  one  time  was  five.  On  a  straight 
group  where  the  crane  could  move 
readily  up  and  down  the  track,  with- 
out having  to  be  turned  as  was  the 
case  in  Group  II,  the  speed  of  erec- 
tion could  undoubtedly  be  doubled. 
Even  under  the  existing  conditions 
the  records  show  that  in  the  first 
operation,  cov^ering  three  small  houses, 
the  concrete  shells  were  completed 
and  ready  for  the  finishing  trades — 
plumbing,  heating  and  painting — in 
six  weeks  from  the  laying  of  the 
foundations.  This  was  at  the  rate  of 
a  house  in  two  weeks,  and  was  ac- 
complished by  laborers  who,  with 
only  one  exception,  had  never  before 
seen  the  system  in  operation. 

The  second  group  of  four  13-ft. 
houses  was  erected  in  five  weeks ;  or 
at  the  rate  of  a  house  in  nine  days. 

As  the  curing  process  occurs  in 
the  factory  before  beginning  erec- 
tion, the  speed  of  erection  and  com- 
pletion under  this  system  can  be  push- 
ed to  its  economic  limit.      It  is  evi- 
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P'i(i.  10 — Floor  Slahs  in   Storage  \ .\k»  of  I-'actorv 


Figs.  11  and  \2     \\\:v  Process  Brisiikd  Coxcrkti:    linrc  k   .'iiiowi  nc.   \  akioi  s  .-iiiadks  or  Agcwikgaik 
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Figs.  13,  14,  15  akd  16— Views  at  Fac- 
tory FOR  Pre-Cast  Units  at  Forest  Hills 

(13)  Floor  slabs  in  molds  in  foreground; 
yard  in  background;  (14)  units  piled  in 
yard;  (15)  chimney  caps  in  yard;  (16) 
wall  slabs  on  cars  for  transportation  to 
building  site 

dent  from  the  records  of  the  demon- 
stration at  Forest  Hill  Gardens  that 
sectional  houses  in  groups  can  be 
erected  at  the  rate  of  one  a  week  and 
completed  »by  the  finishing  trades, 
ready  for  occupancy,  in  two  months 
from  the  first  delivery  of  sections  at 
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Figs.  17,  18  and  19 — Successive  Views  of 
Building  Operations  with  Crane  Plac- 
ing Units 

the  site.  In  the  buildings  at  Forest 
Hills,  which  had  to  be  finished  to  cor- 
respond with  the  high  class  structures 
adjacent  to  them,  seven  or  eight 
weeks  were  spent  in  finishing  and 
decorating  the  interiors. 

While  in  a  majority  of  the  houses 
the  interior  surfaces  of  the  walls  are 
all  of  concrete,  as  before  explained, 
certain  of  the  houses  are  plastered 
directly  on  the  wall  sections  and  have 
floors  constructed  of  pre-cast  concrete 
beams,  as  clearlv  illustrated  in  Figs. 


Figs.  20,  21  and  22 — Detail  Views  of 
Pre-Cast  Unit  Houses  Under  Construc- 
tion 


29  and  30,  which  show  in  contrast  to 
Fig.  28  where  the  hollow  sectional 
floor  is  illustrated.  These  concrete 
beams  had  on  top  and  bottom  a  sur- 
facing of  a  cementitious  nailing  mix- 
ture into  which  floors  and  lathing 
were  nailed.  The  same  product  of 
the  factory  was  used  on  the  roofs  as 
a  nailing  surface  to  receive  the  tile. 

Among  other  by-products  of  the 
demonstration  work  at  the  factory 
there  has  also  been  developed  a  hol- 
low wet  process  concrete  block,  with 
a  brushed  surface  of  ordinary  hand 
unit  size,  for  use  in  buildings  not 
jjermitting    the    introduction    of    the 
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Fig.  23 

large  and  undoubtedly  more  economic 
standard  sections. 

While  the  factory  has  thus  been 
used  for  all  the  various  products  em- 
ployed at  Forest  Hills  Gardens,  the 
plant,  as  was  to  be  expected,  has  not 
justified  itself  commercially  through 
the  products  utilized  so  far  in  the 
buildings  erected  with  pre-cast  units. 

So  much  of  the  work  done  has 
been  pioneering,  with  such  large 
to  be  specially  made  and  remade  and 
in  various  undertakings  which  were 
purely  experimental,  that  Mr.  Atter- 
bury's  achievements  in  the  Sage 
Foundation  undertaking  are  more  a 
contribution  to  the  science  of  build- 
ing with  pre-cast  units  than  a  suc- 
cessful investment  in  the  immediate 
work  described.  Mr.  Atterbury  be- 
lieves that  in  spite  of  adverse  condi- 
tions the  commercial  possibility  has 
been  demonstrated,  so  as  to  be  availa- 
ble in  further  undertakings  which  are 
of  sufficient  magnitude  to  warrant 
the  "wholesale"  methods  involved. 

One  of  the  preliminary  decisions 
arrived  at  in  connection  with  the 
manufacture  and  use  of  large  wall 
and  floor  units  was  this:  In  order  to 
make  it  practicable  to  adopt  a  really 
scientific  and  economic  design,  all 
units  were  to  be  cast  and  subsequent- 
ly handled  in  the  same  position  as 
that  in  which  they  were  to  be  put  un- 
der stress  in  the  building  itself.  The 
floor  units  were  thus  made  horizontal- 
ly and  the  wall  units  were  cast  ver- 
tically. The  molds  for  the  wall  units 
were  in  a  pit  and  were  faced  by  the 
use  of  a  dividing  plate  with  the  spe- 
cial facing  mixture  on  one  side,  back- 
ed up  on  the  otiier  with  the  regular 
mixture.  This  in  all  cases  was  poured 
wet.  The  molds  are  of  steel,  the  sides 
hinged  at  the  bottom  and  adjustable 
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for  diifcrent  thicknesses  of  slab.  Both 
floor  and  wall  molds  were  equipped 
with  collapsible  or  tapered  cores, 
which  were  steam  heated  for  rapid 
curing  of  the  wet  mix.  By  this  meth- 
od it  was  found  actuallj^  possible  to 
remove  a  one-ton  wall  slab  vertically 
from  the  molds  in  two  hrs.  after 
pouring  but  this  was  obviously  unde- 
sirable as  the  great  heat  required 
"cooked"  the  concrete  so  as  to  deprive 
it  of  most  of  its  strength.  In  prac- 
tice each  mold  was  never  used  more 
than  twice  in  24  hrs.  Floor  slabs  were 
usually  14'  long,  5'  wide  and  10" 
thick.  Wall  slabs  were  usually  8'  6" 
high,  6'  wide  and  9"  thick  cored  and 
having  2%-in.  webs  and  outer  and 
inner  shells  IV2"  thick. 

In  the  earlier  demonstrations  the 
average  wall  sections  weighed  a  lit- 
tle less  than  one  ton,  being  the 
equivalent  of  from  1,200  to  1,500 
brick  laid  in  an  8-in.  wall.  Experi- 
ments, however,  showed  that  still 
greater  economy  could  be  aflfected  by 
increasing  the  size  of  the  units,  which 


now  run  from  one  ton  to  three  tons  in 
weight,  the  practical  limitation  im- 
posed on  their  size  really  lying  in 
the  design  of  the  structure  itself  and 
not  in  any  mechanical  difficulty  of 
manufacture,  transportation,  or  erec- 
tion. 

Floor  slabs  weighing  3I/0  tons,  11" 
thick,  6'  in  width,  and  20'  in  length 
have  been  successfully  handled  and 
tested;  although  in  the  14  houses  re- 
cently erected  at  Forest  Hills  Gar- 
dens the  houses  did  not  require  floor 
sections  more  than  14'  in  span.  Ob- 
viously, the  success  of  this  idea  from 
a  mechanical  point  of  view  depended 
upon  the  substitution  of  high  power 
machinery  for  ordinary  hand  labor, 
the  key  to  the  situation  being  an  elec- 
tric crane  and  derrick. 

An  account  of  some  of  the  earlier 
experiments  and  demonstrations  ap- 
peared in  the  Cement  Age  for 
Dec.,  1910,  in  an  article  entitled 
"Studies  in  Economic  Construction," 
in  which  the  first  experimental  house 


to  be  erected  of  such  hollow  factory- 
made  concrete  sections  was  described. 
The  group  of  houses  at  Forest  Hills 
Gardens,  the  construction  of  which 
is  illustrated  beginning  with  Fig.  13 
later  in  this  article,  is  a  further  de- 
velopment of  this  same  system;  al- 
though the  group  itself  is  not  entirely 
standardized  and  contains  houses  of 
composite  type  with  various  kinds  of 
constructional  elements  introduced 
for  experimental  purposes. 

Surfaces  for  the  interior  walls  of 
the  houses  were  brushed  over  with 
grout  after  removal  from  molds,  to 
fill  all  pores  and  pin  holes  and  were 
then  rubbed  down  to  a  smooth  finish 
and  subsequently  decorated.  Exter- 
ior surfaces  in  some  cases  with  spe- 
cial facing  mixtures,  and  sometimes 
with  ordinary  gravel  mix,  were  scrub- 
a  few  hours  after  casting — the  exact 
time  being  governed  by  weather  con- 
ditions. This  scrubbing  was  done 
with  stiff  fibre  or  wire  brushes  at  a 
cost  of  1  ct.  per  sq.  ft.  Power  brush- 
ing machines  were  tried  but  discard- 
ed. At  the  age  usually  of  two  das. 
the  scrubbed  surfaces  were  acid 
washed,  to  brighten  the  aggregates. 

Floor  and.  wall  slabs  are  shown  in 
the  illustrations  and  their  section  is 
well  illustrated  in  Fig.  28  where  the 
nailing  strips,  for  securing  wood 
floors  and  the  metal  eyelets  for  at- 
taching the  derrick  chain  hooks  are 
indistinctly  shown.  The  under  sides 
of  the  floor  slabs  were  cast  smooth 
to  be  exposed,  but  they  were  finished 
with  heavily  stippled  paint,  after 
erection  when  the  interiors  were  fin- 
ished and  decorated.  The  cores  are 
vertical  in  the  walls  and  the  lifting 
device  for  handling  them  operates 
through  them  so  as  to  lift  the  sections 
from  the  bottom.  There  are  two  pat- 
terns of  wall  block  in  each  story,  a 
slab  the  full  clear  story  height  and  a 
short  panel  from  floor  to  window  sill. 
Each  slab  except  for  corner  use  is 
tongued  on  one  closed  side  and 
grooved  on  the  other. 

These  characteristics  are  shown  in 
Fig.  22. 

In  the  regular  13-ft.  houses,  which 
were  the  only  ones  of  really  stand- 
ardized construction,  each  house,  in- 
cluding its  terraces  and  walls,  con- 
tained approximately  140  sections  of 
all  kinds,  the  total  in  the  entire  group 
of  14  houses  approximating  2,000; 
all  of  these  were  manufactured, 
transported  and  erected  with  an 
astonishingly  small  loss  by  breakage. 

Building  operations,  in  this  par- 
ticular case  on  a  cleverly  planned 
crescent-shaped  group  of  attached 
houses,  are  shown  in  a  general  con- 
struction views. 

The     electric     derrick,     which     is 
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Stucco  in  Suburban  Architecture — Notes  on 

Ogontz  Hill,  Philadelphia 


By  Oswald  C.  IIering,  A.  I.  A/ 


In  order  to  establish  any  industry 
on  a  sound,  paying  basis,  there  must 
first  be  a  clear  and  well  defined  pur- 
pose for  the  manufactured  article. 
In  the  course  of  its  development 
other  factors  will  arise  which  may 
materially  increase  or  decrease  its 
usefulness,  and  upon  whether  or  not 
these  factors  are  recognized  and 
given  due  consideration  hangs  in  a 
great  measure  the  success  or  failure 
of  the  undertaking.  The  writer  will 
attempt  no  recital  of  the  history  of 
the  cement  industry.  Its  marvelous 
growth  in  the  last  20  years  is  a  mat- 
ter of  common  knowledge,  although 
not  so  the  many  and  varied  channels 
through  which  its  product  has  been 
led  into  useful  accomplishment  with- 
in this  comparatively  short  space  of 
time.  There  seems,  however,  to  be 
one  avenue  radiating  from  the  center 
of  activity  of  the  cement  industry 
that  does  not  present  the  customary 
scene  of  busy  and  bustling  trade. 
This  avenue  has  been  hardly  more 
than  "staked  out"  and  "opened  up," 
and  a  little  way  ahead  the  sprouting 
weeds  testify  to  the  infrequent  use 
made  of  a  thoroughfare  whose  dor- 
mant charms  still  await  an  awakening 
touch.  Unlike  the  other  avenues  this 
one  leads  to  Beauty.  The  use  of  ce- 
ment employed  to  make  articles  of 
beauty  is  an  industry  as  yet  in  a 
state  of  puling  infancy.  Architec- 
ture and  decorative  art  in  which 
cement  is  used  as  an  ingredient 
with  other  materials  to  form  ob- 
jects of  stucco  or  concrete  have 
produced  but  few  handsome  objects. 
Compared  with  what  has  been  accom- 
plished in  purely  utilitarian  fields,  the 
field  of  esthetics  may  be  considered 
almost  barren  of  cement  products. 
Yet  the  possibilities  for  beauty  in 
form  and  color  of  concrete  and  stuc- 
co have  almost  no  limitations  and  it 
is  th?:  -writer's  belief  that  the  time 
has  now  come  for  a  few  intelligent 
crews  to  get  to  work,  and  materially 
extend  the  Avenue  of  Beauty.  The 
chief  reason  that  so  little  has  been 
done  in  the  past  to  push  forward  its 
construction  is  the  lack  of  intelligent 
co-operation  of  the  minds  concerned. 

'Archt.,  N.  Y.  C. 
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Fig.  1 — House  of  Hollow  Tile  axd  Half  Timbers  at  Ogoxtz  Hill 

The  walls  are  "dry"  dashed  as  described  in  the  text,  with  white,  yellow,  pink  and 
black  marble  chips.  The  half  timbers  and  other  wood  parts  are  chestnut  stained  a 
weathered  gray.  The  roof  is  covered  with  slate  graded  in  size  and  thickness  and 
variegated  in  color 


The  same  minds  which  so  successful- 
ly developed  the  various  utilitarian 
avenues  began  the  construction  of  the 
Avenue  of  Beauty  and  at  once  struck 
an  impassable  barrier.  They  had  no 
ability  to  conceive  the  beautiful.  On 
the  otlier  hand,  swayed  by  his  inherit- 
ed instinct  for  dealing  exclusively 
with  that  trio  of  mediums,  wood, 
brick  and  stone — the  "three  r's"  of 
his  profession — and  still  wary  of  his 
late  acquaintances,  iron  and  steel, 
materials  whose  unfamiliar  and  dis- 
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turbing  nakedness  he  has  been  quick 
to  clothe  with  stone,  terra  cotta,  or 
other  decent  dress,  the  average  archi- 
tect shies  at  the  aspect  of  stucco  and 
concrete,  as  some  horses  still  shy  at 
the  automobile. 

Architects  are  as  a  class  conserva- 
tive for  the  reason  that  their  art  is 
the  expression  of  the  habits  of  the 
people  whom  they  serve.  The  indi- 
vidual does  not  alter  his  mode  of  life 
from  day  to  day  nor  from  year  to 
year.     A  nation  may  change  its  gov- 
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ernmcnt  over  night,  but  the  forces 
that  effect  a  revolution  liave  a  grad- 
ual growth.  Architects  have  there- 
fore viewed  with  suspicion,  and  even 
dislike,  building  materials  that  from 
their  nature  require  the  abandonment 
of  certain  forms  of  design  which  thev 
have  hitherto  regarded  as  basic,  ana 
which  call  for  the  modification  of 
uu'tliods  and  revision  of  rules  that 
have    been    for   centuries    fixtures    in 
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One  of  the  readiest  means  at  hand 
is  the  more  frequent  use  of  stucco 
in  the  domestic  architecture  of  subur- 
ban communities,  where  opportunities 
abound  for  the  employment  of  pleas- 
ing effects  in  texture  and  color  and 
this  being  a  "House  Building"  issue 
an  ^ndeavor  will  be  made  in  the  pages 
to  follow  to  point  a  way  in  which 
stujco  may  be  so  employed  as  a  build- 
ing material  as  to  appeal  with  greater 


force  than  heretofore  to  the  imagina- 
tion and  good  sense  of  the  prospec- 
tive home  builder/ 

The  history  of  architecture  shows 
us  v^.ry  clearly  that  the  housing  of 
man  has  with  few  exceptions  been 
accomplished  with  the  materials  near- 
est to  hand.  Coii^mon  sense  should 
dictate  a  durable  form  of  construc- 
tion, and  good  taste  will  suggest  an 
outward  appearance  that  will  be  in 
harmony  with  the  character  of  the 
land.  Fascinating  as  are  the  old 
wooden  houses  of  New  England,  they 
are  not  in  sympathy  with  the  present 
day  civilization.  To  expend  such 
care,  energy  and  money  upon  a  struc- 
ture that  begins  to  deteriorate  with 
comparative  rapidity  the  day  it  is  be- 
gun, that  involves  continual  care  and 
expense  to  retard  its  decay,  and  that 
may  vanish  over  night  in  smoke  and 
flame,  when  a  durable  and  lasting 
monument  of  equal  beauty  may  as 
readily  be  had,  would  indicate  that 
sentiment  had  overcome  good  judg- 
ment. Wooden  buildings  cannot 
keep  pace  with  the  march  of  progress, 
ai<d  it  indicates  no  lack  of  respect 
io\  these  one-time  giants  of  Colonial 
ar-^-liitecture  to  suggest  that  their 
propagation  cease. 

The  day  of  wood  for  the  exterior 
covering  of  an  all-year-round  house 
ha-i  gone  by,  and  stucco  has  largely 
taken  its  place.  Curiously  enough, 
sti  ceo  lends  itself  with  readiness  to 
almost  any  architectural  design  that 
mny  be  suited  to  the  particular  en- 
vironment. That  the  lay  of  the  land, 
and  the  needs  and  characteristics  of 
the  inhabitants  determine  the  style  of 
architecture  to  be  employed  as  an  un- 
disputed fact,  but  it  is  no  exaggera- 
tion to  say  that  there  are  few  if  any 
instances  in  the  suburban  and  coun- 
try   communities    of    America   where 


2For  much  of  the  material  used  in  this  arti- 
cle in  describing?  the  various  architectural  de- 
velopments of  stucco.  Mr.  Hering  has  drawn 
freely  from  his  book:  Concrete  and  Stucco 
Houses,  McBride.  Nast  &  Co.,  N.  Y.  C. 


Fig.  2     I.au(;i.u  J)i;taii.  of  Sa.me   House  Siiowx   ix    In;.   1 


the  art  of  architecture. 

There  is  but  one  way  to  obtain  ob- 
jects of  beauty  in  stucco  and  concrete 
and  that  is  by  the  co-operation  of 
practical  minds,  versed  in  a  knowl- 
edge of  the  physical  properties  of 
these  materials,  and  imaginative 
minds,  capable  of  picturing  their 
esthetic  possibilities  and  willing  to 
draft  and  mold  them  into  objects  of 
beauty.  Manufacturers  of  cement 
■ind  concrete  ])roducts  must  invoke  the 
aid  of  the  architect  and  the  sculptor 
if  this  new  avenue  of  d(;velo])n)(iit  is 
to  be  continued  with  the  degree  of 
speed  that  its  promise  of  beauty  and 
profit  demands. 

[10] 


Fig.  3     Skf.tc  m   or   I'iioposkd  C<).Mi'i.KT>:n   Hoise   As   Ii.i.rsTHA'n:i)  ihom    Photographs 
IN'  Figs.  1   Axn  2.     Oswald  C.  Hering  and  Douglas  Fitch,  Architects 
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sand  and  gravel  prevail,  in  whicli 
stucco  and  concrete  cannot  be  fit- 
tingly employed  to  express  the  true 
spirit  of  the  neighborhood. 

Both  stucco  and  concrete  are  adap- 
table to  any  form  of  plastic  design, 
and  each  lends  itself  readily  to  modi- 
fications of  almost  every  style  that 
could  be  conceived  as  suitable  in 
respect  to  our  national  inheritance. 
We  are  mainly  a  mixture  of  the  An- 
glo-Saxon, Germanic,  Gallic  and  Ro- 
manic races,  and  our  houses  may 
properly  reflect  a  suggestion  of  Eng- 
lish, German,  French  and  Italian 
styles  past  and  present.  All  of  these 
are  readily  expressed  in  terms  of 
stucco  and  concrete. 

Stucco  has  a  great  deal  to  recom- 
ment  it  in  house  construction,  but  it 
has  also  some  conspicuous  drawbacks. 
Stucco  is  much  like  the  little  girl — ■ 
"when  she  was  good  she  was  very, 
very  good,  but  when  she  was  bad  she 
was  horrid."  When  properly  made 
and  applied  it  is  durable,  inexpensive 
to  maintain,  a  warm  covering  in  win- 
ter and  a  cool  one  in  summer,  pleas- 
ing to  the  eye  and  susceptible  of  an 
unlimited  number  of  variations  in 
texture  and  color.  When  badly  or 
carelessly  made  and  applied,  no  ma- 
terial could  be  worse,  for  if  it  does 
not  fall  off  entirely  it  will  peel  off  in 
sections,  bulge,  crack,  absorb  water, 
spot,  streak  and  take  on  either  a  dull 
cheerless  gray  or  a  medley  of  tints, 
as  the  ill-chosen  mixture  or  poor 
workmanship  may  determine.  Its 
so-called  defects  are  usually  traced 
to  the  ignorance  or  carelessness  of 
the  men  who  specify  and  handle  it,  if 
not  to  a  deliberate  swindle. 

From  an  artistic  standpoint,  per- 
fect uniformity  of  shade  in  stucco  is 
not  essential  or  even  desirable.  A 
certain  amount  of  blending  variation 
in  tone  is  pleasing  to  the  eye,  while 
a  perfectly  even  color  lacks  charac- 
ter. Of  course  an  abrupt  line  of  de- 
marcation slich  as  would  be  produced 
by  a  radical  change  in  the  mixture, 
unclean  material,  the  difference  in 
workmanship  of  one  man  and  another 
or  from  a  change  in  the  weather  dur- 


FiG.  4 — House  of  Hollow  Tile  Stuccoed 

The  rough  cast  finish  has  been  tinted  a  French  yellow  and  the  house  roofed  with 
slates  graded  in  size,  thickness  and  color,  beginning  at  the  ridge  with  small  thin  buff 
colored  slates,  gradually  Increasing  in  width,  length  and  thickness  and  merging  into 
dark  gray  and  light  gray  colors  towards  the  eaves 


ing  the  operation,  is  not  desired.  The 
softening  tones  which  age  will  give 
to  the  stucco  improve  its  appearance, 
and  consequently  there  are  many  in- 
stances in  which  an  unevenness  in 
color  of  the  stucco  upon  the  comple- 
tion of  the  work  need  occasion  no 
quarrel  with  the  contractor.  The 
glory  of  brick  and  marble  lies  in  the 
subtle  coloring  acquired  with  age, 
the  gife  of  time  and  its  chemical 
agents.  The  modest  shingle  owes  its 
sole  claim  to  beauty  to  its  property 


Fig.   5 — Sketch   of   CoiviPij:TED    House,   a   Detail   of  AVhich   is   Shown   ix    Fig.   4. 
Oswald  C.  Hering  axd  Douglas  Fitch,  Architects 
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of  weathering  a  demure  gray,  and  to 
a  slight  deposit  of  dust  and  grime  is 
due  a  large  part  of  the  "character' 
of  Colonial  columns  and  clapboards. 
Nature  is  the  cleverest  of  all  beauti- 
fiers  and  she  may  generally  be  trusted 
to  enhance  rather  than  despoil  the 
beauty  of  any  building  worthy  of  her 
attention.  Blemishes  turn  into  beauty 
spots  and  discolorations  become  pic- 
turesque blendings  of  harmonious 
tones.  The  conception  of  the  archi- 
tect should  determine  whether  or  not 
the  "blemishes"  and  "discolorations" 
contribute  to  or  detract  from  the  com- 
pleted picture. 

When  stucco  of  a  decided  color  is 
desired  (aside  from  painting  it)  only 
mineral  colors  should  be  employed, 
and  these  had  better  be  used  spar- 
ingly and  limited  to  carbon  black, 
ochre  and  red  oxides  of  iron  and  their 
combinations.  It  should  be  borne  in 
mind  that  coloring  matter  reduces 
the  strength  of  the  stucco.  Very 
pleasing  shades  may  be  obtained, 
however,  without  the  admixture  of 
pigments  by  using  an  aggregate  of 
crushed  stone,  brick  or  marble,  and 
white  or  yellow  sand  or  gravel  mixed 
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Fig.  6 — House  of  Hollow  Tile  With  Rough  Cast  Stucco  Painted  a  Rose  Pink 

The  wood  work  is  cypress  painted  green  and  the  roof  is  covered  with  rose  and  green 
slates  shaded  from  darl<  at  the  ridge  to  light  at  the  eav^es  and  graded  in  size  and 
thickness 


•with  gray  and  white  cements.  If  pig- 
ments are  used  they  should  be  mixed 
'.vith  the  sand  or  gravel  and  then  with 
the  cement.  A  uniform  mixture  can- 
not be  obtained  if  any  of  the  ingre- 
dients are  wet.  Mixing  in  paste  form 
is  sure  to  distribute  the  color  uneven- 
ly, and  the  trowel  striking  a  lump 
of  color  will  produce  a  spot  or  streak. 
By  mixing  the  ingredients  dry,  a  suf- 
ficient amount  for  the  entire  opera- 
tion may  be  obtained  and  kept  until 
needed,  pure  water  being  added  to 
such  quantities  as  may  be  immediate- 
ly required.  This  method  prevents 
the  unsightly  unevenness  in  color 
that  generally  occurs  when  batches 
are  mixed  at  different  times.  Smooth 
surfaces  that;  are  floated  or  troweled 
rarely  show  a  perfectly  even  color, 
no  matter  how  accurately  the  ingred- 
ients are  proportioned  nor  how  care- 
fully they  are  mixed.  No  two  men 
use  a  float  or  trowel  alike,  nor  can 
one  man  continually  preserve  an  even 
degree  of  pressure;  consequently  dif- 
ferent surface  textures  occur  from 
the  varying  amounts  of  cement  or  fine 
material  that  come  to  the  surface, 
due  to  uneven  pressure,  producing  a 
difference  in  shade  or  color.  Freez- 
ing will  also  change  the  color  of 
stucco,  as  will  sunlight,  a  dry  wind, 


or  cloudy  and  rainy  weather.  A 
moist,  cloudy  day  is  the  best  for  a 
good  stucco  finish,  and  where  it  is 
exposed  to  the  sun  or  wind  the  stucco 
should  be  covered  with  damp  cloths 
hung  to  protect  it,  and  invariably 
the  whole  of  one  unit  of  space  should 
be  completed  in  the  same  operation. 

In  a  climate  such  as  we  have  above 
the  Mason  and  Dixon  line  the  ad- 
mixture of  ordinary  lime  in  stucco  is 
not  advisable.  It  cheapens  the  first 
coat  and  makes  it  flow  more  easily 
and  in  quicker  time  from  the  mason's 
trowel,  and  for  these  reasons  is  often 
used  in  place  of  an  adequate  propor- 
tion of  cement.  It  is  difficult  to  pre- 
pare and  to  mix  thoroughly  the  lime 
paste  with  the  cement  and  sand,  and 
particles  of  unslacked  lime  are  apt  to 
enter  the  mixture,  to  its  detriment. 
Hydrated  lime  (a  lump  lime  slaked 
by  a  mechanical  process,  in  which  the 
water  is  driven  off,  leaving  an  impal- 
pal)le  powder)  overcomes  this  ob- 
jection, but  as  hydrated  lime  is  prac- 
tically as  expensive  as  Portland  ce- 
ment, its  use  serves  little  purpose 
other  than  to  lighten  the  color  of  the 
stucco  and  to  "fatten"  the  mixture 
and  so  make  it  work  more  easily  un- 
der the  float. 

Stucco  should  never  be  applied  in 


freezing  weather.  If  the  water 
freezes  before  the  cement  has  set, 
the  stucco  will  not  harden.  Nor 
should  stucco  ever  be  disturbed  be- 
fore the  cement  has  set,  otherwise  it 
will  not  adhere  to  the  surface  to 
which  it  is  applied.  While  a  frame 
building  covered  with  stucco  is  in  no 
sense  fireproof,  such  a  covering  does 
act  as  a  fire  retardant.  Stuccoing 
should  always  be  started  at  the  top 
of  the  building  and  the  work  carried 
downward  to  some  projecting  mem- 
ber or  recess.  If  it  is  impossible  to 
complete  an  entire  wall  at  one  opera- 
tion, the  work  should  be  halted  at 
some  division  line,  such  as  a  band, 
window  or  door.  Three  coats  of 
stucco  are  desirable  if  the  finish  is  to 
be  smooth.  For  a  rough-cast  or  peb- 
ble-dash finish,  two  coats  will  suffice, 
but  the  thickness  of  the  stucco  should 
not  be  less  than  V . 

A  smooth  finish  is  secured  by 
bringing  the  final  coat  to  an  even  sur- 
face with  a  wood  float;  under  no  cir- 
cumstances should  a  steel  trowel  be 
used  for  this  purpose.  Rough-cast 
and  pebble-dash  finishes  are  obtained 
by  applying  gravel  or  pebbles,  mixed 
with  cement,  sand  and  water,  dashed 
on  with  a  paddle  or  a  whisk-broom 
after  wetting  down  the  under  sur- 
face. This  gives  a  very  pleasing  tex- 
ture and  a  variation  in  tones  that 
overcomes  the  monotony  of  a  per- 
fectly smooth  and  uniform  surface. 

One  of  the  most  interesting  and 
attractive  of  the  various  surface 
treatments  employed  by  the  writer  is 
what  is  termed  the  "dry-dash.''  The 
first,  or  "scratch"  coat,  is  applied  in 
the  usual  manner  and  immediately 
followed  by  a  second  or  "brown" 
coat.  While  still  wet,  aggregates  of 
marble  and  stone,  selected  for  their 
size  and  color,  are  dashed  upon  and 
partly  embedded  in  the  soft  back- 
ground. For  this  work  the  following 
specification  is  given  —  but  it  is 
coupled  with  a  warning  that  the  ef- 
fect cannot  be  obtained  by  an  un- 
familiar and  untrained  hand: 

After  thoroughly  wetting  the  outside 
face  of  tlie  tile,  cover  with  a  scratch  coat 
composed  of  3  parts  sand  to  1  part  lime 
that  has  heen  blended  for  3  wks.,  adding 
some  hair  and  1  1)1:)1.  cement  to  1  bhl.  of 
lime  mortar.  Follow  up  with  a  coat  for 
dashing  composed  of  1  part  sand,  1  part 
lime  mortar  and  1  part  cement.  While  - 
wet,  dash  with  crushed  stone  in  sufficient 
quantity  to  cover  the  walls.  On  outside 
frame  wsills  covered  with  wire  lath  apply 
scratch  coat  as  above  and  follow  up  with 
a  brown  coat  of  the  same  mixture  but 
without  the  hair.  Then  apply  coat  for 
(lashing  as  above  and  finish  as  above.  Al- 
low      dollars  a  ton  for  the  crushed 

stone,  to  he  of  the  size,  kind  and  color 
selected  by  the  architect. 

The  "personal  equation"  cuts  a 
large  figure  in  stucco  work.  Few 
men  in  this  country  have  either  the 
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Fig.  7 — Sketch  Showing  General  Vieav  of  Ogontz  Hill,  As  Proposkd  and  Now  Partially  Built  Up.     Oswald  C.  Hering  and 
Douglas  Fitch,  Architects 


knowledge  or  the  "knack"  of  apply- 
ing stucco  in  a  manner  that  will  be 
both  durable  and  pleasing  in  appear- 
ance. The  obstinate  adherence  of 
the  average  workman  to  his  own  no- 
tions, and  the  opinion  he  entertains 
that  the  specification  prescribed  by 
the  architect  is  of  no  great  import- 
ance, operate  strongly  against  one's 
best  endeavor.  The  writer  has  made 
it  a  rule  to  impress  upon  his  clients 
the  importance  of  employing  the  most 
skillful  men  who  appreciate  the  ne- 
cessity of  a  strict  observance  of  the 
precepts  respecting  the  method  and 
mixture  required  to  produce  the  de- 
sired effect. 

It  should  be  borne  in  mind  that 
stucco  is  subject  to  the  action  of  the 
weather,  including  heat,  cold,  mois- 
ture and  aridity,  to  shrinkage,  settle- 
ment and  all  the  ills  to  which  the  ex- 
terior walls  of  a  building  are  heir. 

The  fine  hair-cracks  that  frequent- 
ly appear  upon  the  finished  surface 
of  stucco,  called  crazing,  are  gener- 
ally due  to  the  too  rapid  evaporation 
of  the  water,  before  the  cement  has 
had  time  to  set.  These  cracks  may  be 
largely  avoided  by  stuccoing  on  a 
damp,  cloudy  day,  when  there  is  little 
or  no  wind,  or  by  protecting  the  stuc- 
co from  sunshine  and  wind  by  screens 
or  other  device.  An  occasional  crack, 
if  it  is  not  too  large  or  due  to  a 
structural  defect,  is  not  a  serious 
blemish.  In  fact  a  flawless  one-toned 
wall  is  apt  to  be  painfully  monoton- 
ous and  must  be  partly  covered  with 
vines  before  it  can  lay  claim  to  any 
beauty.  Generally  speaking,  a  com- 
pleted stucco  house  looks  its  worst 
at  the  moment  of  completion. 

The  decorative  possibilities  of  stuc- 
co are  almost  unlimited.  It  may  be 
used  as  a  unit  covering,  tinted  in  var- 
ious colors ;  combined  with  "half- 
timbers,"  it  provides  a  striking  con- 
trast to  these  wooden  members  in 
color  and  texture ;  and  when  used  in 
connection  with  brick  and  stone  an 
infinite  variety  of  schemes  is  made 
possible,  each  material  acting  as  a 
foil  to  the  other.  The  "parge  work" 
of  England  is  an  example  of  modeled 
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stucco  ornamentation  that  might 
readily  be  adapted  to  American 
needs,  and  Italian  sgraffito  could  be 
used  to  advantage  in  relieving  the 
monotony  of  a  single-toned  surface. 

Stenciling  with  colored  cement 
washes  is  an  interesting  way  of  treat- 
ing a  smooth  stucco  surface,  but  this 
method  of  decoration  is  more  usually 
confined  to  porches,  loggias  and  por- 
tions protected  from  the  action  of 
the  weather,  for  the  range  of  coloring 
matter  in  present  use  includes  none 
of  any  great  permanence  when  ex- 
posed to  the  elements.  There  has 
just  been  placed  upon  the  market, 
however,  a  paint^  apparently  possess- 
ing unfading  as  well  as  waterproofing 
properties  which  has  led  the  writer 
to  use  it  in  coloring  the  stuccoed  walls 
of  houses  illustrated  in  this  article. 
In  one  case  the  surface  is  white 
rough-cast  and  a  rose-pink  paint  has 
been  applied  with  a  quick  stroke  of 
the  brush  to  color  the  rough  projec- 
tions only,  allowing  the  pockets  be- 
tween the  pebbles  to  exhibit  the  na- 
tural color  of  the  stucco.  When 
Dame  Nature  takes  a  hand  and  films 
the  surface  with  the  gray  tints  of 
Time — a  sparkling  and  mottled  pink, 
white  and  gray  effect  will  be  obtained 
such  as  would  not  be  possible  in  a 
one-tone  mixture  or  with  a  thorough 
coat  of  paint. 

It  may  be  said  of  colored  stucco 
that,  owing  to  the  lack  of  experience 
or  courage,  very  few  examples  are 
to  be  seen  in  America  that  excite 
favorable  mention.  When  the  work 
is  exposed  to  the  weather  the  mis- 
take is  invariably  made  of  selecting 
such  shades  and  tones  as  are  effective 
at  the  moment,  forgetful  that  the  rav- 
ages of  Time,  the  action  of  the  sun, 
wind  and  water  conspire  to  bleach, 
and  the  dust  to  blacken,  the  chaste 
tones  so  fondly  conceived.  More  dar- 
ing is  required  of  the  architect  and 
more  confidence  of  the  owner.  Time 
should  be  discounted,  even  at  the  ex- 
pense of  a  year's  nervousness  over  a 
glaring  chromatic  display. 

= Valentine  &  Co.,  N.  Y.  C. 


The  reason  which  prompted  the 
development  of  Ogontz  Hill,  illus- 
trated in  these  pages,  was  not  a  de- 
sire on  the  part  of  the  owner  to  make 
a  quick  and  handsome  profit  and 
"pull  out,"  but  a  belief  that  a  subur- 
ban community  begun  and  carried 
out  along  the  lines  laid  down  by  a 
previously  and  intelligently  designed 
plan,  would  be  not  only  a  more  en- 
joyable place  to  live  in  than  one  in 
which  none  of  the  restrictions  here- 
inafter described  is  required,  but  that 
the  venture  in  the  end  would  prove 
to  be  sufficientl}^  profitable  to  estab- 
lish a  paying  precedent  for  this  meth- 
od of  developing  suburban  real  es- 
tate. In  domestic  architecture  the 
ultimate  cost  is  not  generally  of  such 
paramount  importance  as  it  is  in 
commercial  work,  where  the  revenue 
from  the  investment  is  the  principal 
cause  of  the  building.  Questions  of 
sentiment  and  the  indulgence  of  per- 
sonal fancy  often  run  up  the  cost  of 
a  private  dwelling  after  the  work  has 
begun,  a  ruinous  course  where  the 
project  is  a  business  venture  pure 
and  simple.  In  the  development  of  a 
tract  of  land  for  domestic  purposes 
the  fact  that  the  cost  of  the  under- 
taking is  of  the  first  importance  must 
not  be  lost  sight  of.  In  other  words, 
the  proposition  is  a  commercial  one, 
even  though  the  product  is  for  domes- 
tic use.  To  combine  artistic  excel- 
lence with  honest  and  efficient  work- 
manship, and  place  both  upon  a  pay- 
ing basis  is,  therefore,  the  problem 
that  confronts  the  professional  ad- 
viser of  the  men  whose  money  he 
proposes  to  spend  in  planning  for 
the  future  homes  of  the  city's  popula- 
tion. 

While  evidence  abounds  of  more 
than  a  dawning  appreciation  of  good 
urban  architecture,  and  popular  feel- 
ing akin  to  personal  injury  and 
shame  is  aroused  over  any  new  dis- 
figurements of  our  cities  and  towns, 
the  prostitution  of  the  suburb  and 
countryside  continues.  Properties 
originally  laid  out  with  no  considera- 
tion for  future  growth  and  appear- 
ance, cut  up  into  narrow  building  lots 
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and  sold  to  speculative  builders  who 
erected  thereon  houses  through  which 
the  elements  whistled  a  dismal  dirge 
to  the  expectations  of  the  trusting 
purchasers  can  be  seen  in  the  out- 
lying districts  of  any  of  our  large 
cities  and  they  present  a  sad  specta- 
cle of  Nature  misunderstood  and 
abused.  Happily  now  and  then  is 
also  seen  the  evidence  of  the  guiding 
spirit  of  some  individual,  or  company 
of  men,  of  culture  and  foresight,  en- 
deavoring to  reclaim  these  debauched 
settlements  of  the  speculative  builder 
or  tc  inaugurate  new  developments 
upon  a  sound  and  worthy  basis.  A 
number  of  suburban  tracts  of  land 
are  now  undergoing  this  wise  and 
providential   process   of  reclamation. 

Such  has  been  the  course  pursued 
at  Ogontz  Hill.  In  contrast  to  the 
'"hit  or  miss"  methods  of  the  average 
real  estate  promotor,  Ogontz  Hill, 
constituting  a  tract  of  about  40  acres 
of  rolling  country  near  Philadelphia, 
was  taken  over  in  its  virgin  state  and 
laid  out  according  to  a  carefully  pre- 
pared plan.  It  has  been  divided  by 
main  thoroughfares  into  three  sec- 
tions, and  the  largest  section  subdi- 
vided by  a  "lane."  The  main  arteries 
are  direct,  convenient  and  of  ample 
width  and  are  carefully  graded  in 
correct  relation  to  the  topography. 
The  "lane"  is  not  needed  as  a  thor- 
oughfare and  has  been  planned  and 
constructed  to  discourage  its  use  as 
such,  to  meet  its  purpose  of  a  quiet, 
attractive  residence  street,  narrow 
and  winding,  giving  to  it  a  cosy,  self- 
contained,  domestic  character  in  the 
contrast  to  the  more  open  and  wind- 
swept thoroughfares  devoted  to  traf- 
fic. 

Each  section  is  divided  into  plots 
varying  in  size  from  a  quarter  of  an 
acre  to  an  acre,  the  boundary  lines 
being  determined  both  by  the  topog- 
raphy and  the  attractiveness  of  the 
site.  Believing  that  buildings  of 
tasteful  design,  constructed  of  stone, 
concrete,  hollow  tile  stuccoed,  or 
other  permanent  materials,  even  at 
greater  initial  cost,  are  really  more 
economical  by  reason  of  their  dura- 
bility and  the  lower  cost  of  mainte- 
nance tlian  the  repulsive,  poorly  built 
structures  so  common  in  the  outlying 
districts  of  our  great  cities,  and  be- 
lieving also  that  good  landscape  plays 
an  equally  important  part  with  good 
architecture  in  the  practical  and 
esthetic  development  of  such  a  com- 
munity, the  owner  engaged  the  ser- 
vices of  men  experienced  in  domestic: 
architecture  and  landscape  design  to 
lay  out  and  establish  this  attractive 
"residence  park"  as  an  inducement 
to  people  of  moderate,  as  well  as  of 
more  considerable,  means,  to  give  up 
the  cliff-dwelling  life  in  the  "flat" 
and  the  dark  and  narrow  confines  of 


the  usual  city  block  house,  and  at  no 
greater  expense  or  sacrifice  of  time 
in  traveling  back  and  forth  to  acquire 
an  individual  home,  exposed  on  four 
sides  to  the  sunlight  and  air  and  situ- 
ated in  a  healthful  and  attractive  en- 
vironment. 

The  topography  of  Ogontz  Hill, 
the  presence  of  sand  deposits  and 
ledges  of  stone  within  the  confines 
of  the  property,  together  with  a  no- 
ticeable predilection  on  the  part  of 
the  neighbors  for  English  architec- 
ture, were  factors  which  led  the  ar- 
chitects to  select  a  free  adaptation  of 
the  modern  English  style  for  the  pro- 
posed houses.  Five  of  these,  cost- 
ing from  $12,000  to  $20,000  are 
nearing  completion.  All  have  outside 
walls  of  stuccoed,  hollow  tile,  in 
some  cases  combined  with  brick  and 
stone,  and  all  are  roofed  with  slate 
and  the  chimneys  crowned  with 
"pots."  Thus  while  all  are  of  the 
same  "family"  each  differs  from  the 
other  and  has  its  distinct  character 
as  has  each  member  of  the  human 
family.  A  brief  description  of  the 
exterior  appearance  of  the  houses  will 
be  found  in  the  captions  to  the  illus- 
trations. 

The  impression  held  by  many  that 
beauty  in  form  and  color  translated 
into  architecture  is  measured  by  dol- 
lars and  cents  is  false.  The  mate- 
rials and  labor  employed  in  building 
houses  of  concrete,  and  of  other  units 
covered  with  stucco,  are  comparative- 
ly inexpensive  in  certain  localities 
and  in  the  hands  of  architects  experi- 
enced in  their  use  are  mediums 
through  which  an  architecture  of 
great  and  lasting  beauty  may  be  ob- 
tained at  less  cost  than  when  inter- 
preted in  brick  or  stone,  and  often  at 
no  greater  cost  than  in  wood. 

The  charm  of  personality  por- 
trayed in  a  human  being  is  not  meas- 
ured by  the  contents  of  his  pocket- 
book,  nor  are  the  taste  and  beauty 
displayed  in  the  architecture  of  his 
country  or  suburban  home  dependent 
upon  its  cost. 

Proximity  to  the  railroad  station 
and  the  shops  need  give  no  offense  to 
those  who  would  build  their  homes 
close  by  these  conveniences.  A  vil- 
lage center  may  be  made  the  most 
beautiful  feature  of  the  community 
if  it  is  designed  with  tliat  object  in 
view  and  it  may  be  done  at  no  greater 
cost  than  were  each  individual  allow- 
ed to  erect  his  "store,"  without  rela- 
tion to  its  neighbors  or  the  site. 

Concrete  and  stucco  houses  are 
practical,  ornamental  and  an  asset  in 
any  conununity,  particularly  the  un- 
burnable  kind,  when  designed  by  ar- 
chitects who  understand  how  to  use 
these  materials  in  producing  a  sane, 
logical  and  beautiful  architecture. 
The     restrictions     that     control     the 


building  of  houses  at  Ogontz  Hill 
have  been  modeled  on  those  which 
govern  Roland  Park,  a  residential 
l^ark  noted  for  its  beauty  and  general 
excellence  in  the  plan  and  structure 
of  its  streets  and  dwellings  situated 
in  Baltimore,  Md.  To  country  and 
suburban  real  estate  promoters  who 
claim  that  restrictions  upon  the  kind 
and  quality  of  the  architecture  is  "im- 
practical" and  would  prevent  a  ready 
sale  of  the  land,  the  following  ex- 
tract from  the  printed  restrictions  of 
Roland  Park  should  be  of  interest: 

A  drawing  showing  the  location  of  the 
house  on  the  lot,  the  proposed  finished 
grades,  and  the  relative  levels  of  the  lot 
and  street  grades  of  the  first  floor,  must 
he  furnished  hefore  the  Company  can 
consider  the  working  drawings  for  ap- 
proval. 

In  order  to  avoid,  as  far  as  possible, 
needless  work  and  expense,  the  Company 
will  consent  to  a  tentative  consideration 
of  preliminary  sketches.  Such  considera- 
tion is,  however,  distinctly  tentative,  and 
approval  of  plans  can  be  based  only  upon 
the  completed  working  drawings  from 
which  the  house  is  to  built. 

When  the  house  is  to  be  located  on  a 
corner  lot,  it  should  either  have  its  prin- 
cipal entrance  toward  the  street  on  which 
the  lot  normally  fronts,  or,  if  the  en- 
trance is  to  be  on  the  side  street,  care 
must  be  taken  that  the  house  be  so  de- 
signed that  it  does  not  back  up  against 
the  adjoining  lot  to  the  detriment  of  the 
latter. 

No  residence  or  dwelling-house  shall  be 

erected  costing  less  than thousand 

dollars;  the  exterior  exposed  surfaces  of 
the  walls,  with  the  exception  of  trims  and 
moldings,  shall  be  of  brick,  stone,  con- 
crete, stucco  or  other  material  of  similar 
character,  and  if  any  building  is  erected, 
or  any  alterations  made,  such  building  or 
such  alterations  shall  be  made  according 
to  plans  (including  exterior  color  scheme, 
grading  plan,  and  the  location  of  such 
building)  which  shall  have  been  approved 
bj'   Roland    Park   Company. 

Many  stucco  houses  are  being  built 
to-day  with  walls  improperly  pre- 
pared and  covered  with  stucco  that 
lacks  enduring  qualities.  Whether 
from  ignorance  or  to  save  the  first 
cost,  the  owners  of  these  buildings 
will  rue  the  hour  in  which  they  de- 
cided to  emi)loy  cleap  or  ill-advised 
methods.  It  is  a  great  misfortune 
that  the  average  man  builds  but  once ; 
but  all  the  more  reason,  then,  that  he 
should  seek  or  listen  to  expert  ad- 
vise. Knowledge  of  any  kind  of 
building  construction  is  generally 
limited  to  that  acquired  by  frequent 
contact  with  building  operations,  and 
the  layman  should  hesitate  long  be- 
fore dictating  how  his  house  shall  be 
constructed.  A  little  knowledge  is 
worse  than  none.  While  it  is  often 
difficult  for  the  architect  to  prevail 
upon  his  client  to  spend  a  little  more 
in  good  construction  and  to  convince 
him  that  it  will  be  a  good  investment 
and  economical  in  the  end,  the  day  of 
stubborn  o))j)osition  to  such  argu- 
ments is  ))assing.  We  are  beginning 
to  build  for  posterit}'. 
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Fig.  1— Two  Views  of  Residence  at  Mooseheart,  III.,  Built  of  Faced  Concrete  Block  at  a  Saving  Over  Faced  Clay  Brick 
OF  19.7% 


Concrete  Block  Used  in  Attractive  and  Economi- 
cal House  Construction  at  Mooseheart,  111. 


The  accompanying  floor  plans  and 
illustrations  from  photographs  show 
the  residence  and  office  of  the  dean  at 
Mooseheart,  111.,  being  one  of  the 
many  buildings  with  walls  of  con- 
crete block  which  are  being  con- 
structed in  a  large  group  by  the 
Loyal  Order  of  Moose,  as  a  philan- 
thropic and  educational  institution. 

The  manufacture  of  these  block 
and  their  use  in  construction  work, 
with  detailed  costs,  have  been  de- 
scribed in  previous  articles^  by  R.  F. 
Havlik,  who  is  in  charge  of  the  work. 


^Concrete-Cement    Age,    July,    1914,    p.    16; 
Aug.,   1914,  p.   55 


Mr.    Havlik   supplies   the   present 
data  and  plans. 

The  building  is  33'  x  33'  in  plan 
with  two  stories  and  a  basement,  but 
in  reality  it  is  a  three-story  build- 
ing without  a  basement.  The  entire 
interior  of  the  building  is  plastered 
so  that  it  consists  of  12  finished 
rooms  and  a  large  bath  room.  There 
is  a  sleeping  porch  approximately 
8'  X  28',  a  large  front  porch  of  the 
same  size,  three  sets  of  concrete  steps 
leading  to  the  rear  and  the  front 
porch  and  to  the  Dean's  office  in  the 


basement.  The  area-way  leading  to 
the  office  is  faced  with  concrete  on 
both  the  inside  and  the  outside.  The 
maid's  room,  the  library  and  the  of- 
fice are  trimmed  with  yellow  pine  and 
finished  in  natural  color.  The  maid's 
room  and  the  office  are  both  floored 
with  the  best  grade  of  clear  oak,  yg" 
thick.  All  of  the  basement  rooms 
are  plastered  with  two  coats  of  plas- 
ter, sand-finished.  The  inside  stair- 
way leading  to  the  first  floor  is  of 
oak.  The  reception  room,  living 
room  and  dining  room  are  trimmed 
in  oak,  and  the  wood  work  is  finished 
in  old  English.  The  walls  of  the 
dining  room  are  paneled  in  oak.  The 
kitchen  is  trimmed  with  yellow  pine. 
The  refrigerator  is  so  placed  that  it 
can  be  filled  from  the  outside. 

All  the  porch  floors  are  of  con- 
crete but  the  inside  floors  are  of  wood 
construction. 

All  the  floors  of  the  first  floor,  with 


Fig.  2 — Basement  Plan 
January, 1915 


Fig.  3 — First  Floor 


Fig.  4^Second  Floor.     Scale  1/;20"=1' 
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the  exception  of  that  in  the  kitchen, 
are  of  clear  oak,  ^g"  thick.  There 
is  a  large  fire-place  in  the  living 
room  and  elaborate  bookcases  are 
built  in  on  both  sides  of  tlie  fire- 
place. The  dining  room  has  a  finely 
finished  oak  buffet  built  especially  to 
fit  the  room.  French  windows  open 
from  the  dining  room  onto  the  rear 
porch. 

The  second  floor  contains  four 
large  chambers  and  a  large  bath- 
room. Each  room  is  supplied  with 
a  large  comfortable  closet.  The  two 
rear  bedrooms  open  directly  on  the 
sleeping  porch.  All  of  these  rooms 
are  trimmed  with  clear  birch  and 
stained  a  mahogany  color,  wax-fin- 
ished. In  building  this  house  it  was 
felt  that  it  would  be  more  or  less 
of  a  public  building,  because  the 
Dean  would  be  required  continually 
to  entertain  a  large  number  of  visi- 
tors, so  it  was  considered  advisable 
to  build  as  pretty  and  comfortable 
a  home  as  possible.  Therefore  no 
expense  was  spared  in  this  building 


Fig.  5 — Wall  Coxstkuctiox  With  Two- 
Lug  Block 

to  attain  this  end.  For  this  reason 
total  costs  are  of  little  consequence 
in  a  consideration  of  the  economy 
of  concrete. 

The  roof  of  the  sleeping  jDorch  is 
covered  with  l6-oz.  copper.  The 
front  porch  and  the  roof  of  the  main 
building  are  covered  with  Spanish 
red  tile.  Future  residences  of  Moose- 
heart  will  not  be  so  elaborate  inter- 
nally as  this  one,  as  a  residence  of 
this  size  is  far  too  large  for  the  or- 
dinary family,  but  this  is  an  excel- 
lent example  of  the  character  of  work 
that  can  be  done  with  the  Mooseheart 
concrete  block  and  trim  stone.  In 
general  this  building  represents  the 
type  of  building  that  will  be  put  up 
at  Mooseheart  for  residential  pur- 
poses. All  of  the  block  used  in  this 
building  were  made  by  the  Hydro- 
Stone^  process,  faced  with  Mica  Spar 
.  Crystals.*  Universal  Portland  ce- 
ment' is  used  for  all  the  granite  block 
and  for  the  backing  of  the  trim  stone. 
Some  of  the  trim  stone  used  at  Moose- 
heart has  been  faced  with  Medusa 
white    cement'    and    some    has    been 

*Barron  and  Harridge,  Chicago 

'Crown  Point  Spar  Co.,   N.Y.C. 

'Universal  Portland  Cement  Co.,  Chicago 

•Sandusky  Portland  Cement  Co.,  Sandusky, 
Ohio 

•Atlas  Portland  Cement  Co..  N.V.C. 
[16] 


■«4.^'-*j!>J 


Fig.  6 — Detail  of  Basement  Entrance 
Fig.  7 — Detail  of  Faced  Block  Surface 

faced  with  Atlas  white  cement'  both 
of  which  have  proven  satisfactory. 

From  Mr.  Havlik's  previous  ac- 
counts of  concrete  block  construc- 
tion the  costs  of  the  wall  construc- 
tion are  taken. 

The  block  used  in  the  Dean's  home 
are  of  the  two-lug  type,  giving  a  wall 
with  a  minimum  thickness  of  about 
2V2"  and  two  projecting  lugs  on 
which  furring  strips  are  attached 
vertically  by  means  of  wall  plugs  or 
wire  loops,  held  in  the  joints.  The 
interior  lath  and  plaster  are  then  ap- 
plied on  the  furring,  giving  a  light 
yet  stable  and  well  insulated  wall. 
All  block  used  above  ground  on  this 
house  are  faced,  and  washed  and 
scrubbed  while  green  to  expose  and 
brighten  the  facing  aggregate. 

The  cost  of  material  for  block  of 
this  kind,  using  a  1  :5  backing  and  a 
1 :2l/2  facing  (face  area  of  block 
9"  X  24";  thickness  including  lugs, 
8")  has  been  9  cts. ;  the  cost  of  labor 
in  manufacture,  including  delivery, 
7  cts.,  and  overhead  at  20%,  1.8  cts. 
This  gives  a  total  cost  of  17.8  cts. 
per  block,  each  block  filling  an  area 
of   1^/2   sq.   ft.   in  wall  surface.     On 


this  basis  100  block  giving  a  wall 
area  of  150  sq.  ft.  cost  $17.80,  al- 
lowing for  no  manufacturing  profit. 
Or  allowing  a  manufacturing  profit 
of  25  %  the  cost  of  material  for  150 
sq.  ft.  of  wall  becomes  $22.25.  The 
cost  of  laying  has  been  1 1  cts.  per 
block,  or  on  100  block  $11.00,  giving 
a  total  cost  for  150  sq.  ft.  of  wall 
of  $33.25. 

The  cost  of  150  sq.  ft.  of  8-in. 
brick  wall,  the  thinnest  brick  wall 
generally  permissible,  would  include 
these  items :  900  brick  laid  at  $16.00 
j)er  M,  $14.40;  900  face  brick  laid  at 
$30.00  per  M,  $27.00;  a  total  of 
$41.40.  The  saving  in  using  the 
granite  block  is  thus  $8.15  or  19.6% 
on  the  cost  of  brick. 


Piles  of  the  "cast-in-place"  type, 
made  by  forming  a  hole  in  the  ground 
and  filling  it  with  concrete,  may  be 
eitlicr  plain  or  reinforced,  depending 
largely  upon  the  character  of  the 
work  for  which  they  are  to  be  used. 
They  are  usually  without  reinforce- 
ment. 

January, 1915 
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Some  "Worked  Out"  Details  in  Concrete 
House  Construction 

By  a.  Morgan  Smith^ 


slioulfl  be  carefully  workr-d  out  both 
in  design  and  eonstruction. 

Tile  or  terrazzo  floor  may  be  laid 
on  the  floor  slab  at  much  less  cost 
than  over  wood  joists.  Wood  floors 
may  be  laid  over  the  slab  on  wood 
sleepers  in  the  usual  manner. 

The  concrete  roof  is  an  important 
part,  as  is  also  for  appearance  the 


Present-day  building  materials 
and  modern  requirements  make  the 
residence  more  substantial,  and  mate- 
rials that  are  liable  to  rot  or  rust 
are  largely  eliminated. 

Beginning  with  cellar  wall,  cellar 
floor,  porch  floors  and  steps,  concrete 
lias  made  possible  the  first  advance 
toward  permanent  residence  construc- 
tion; even  today  all  houses  of  any 
•consequence  include  these  features  in 
concrete  and  the  same  conditions  and 
circumstances  that  favor  this  good 
start  are  just  as  favorable  toward 
completing  the  residence  with  con- 
crete. Just  as  soon  as  the  builder 
becomes  more  familiar  with  the  use 
of  concrete  in  residence  construc- 
tion the  concrete  house  will  be  an 
everyday  proposition  and  entirely 
practicable  for  the  man  wanting  per- 
manence, the  lowest  up-keep  cost  and 
nothing  to  fear  from  fire. 

Conventional  ways  of  building 
with  other  materials,  such  as  an  18- 
in.  cellar  stone  wall,  increased  wall 
full  height  for  chimney  bearings  and 
13-in.  walls  for  first  story,  handicap 
the  use  of  concrete, — but  when  it  is 
clearly  understood  that  a  concrete 
wall  will  distribute  and  withstand 
diff"erent  stresses  more  safely  than 
a  wall  of  stone  or  brick  of  the  same 
thickness,  it  is  apparent  that  materi- 
al can  be  saved  by  using  a  thinner 
wall  of  concrete. 

For  the  average  two-story  house 
with  7-ft.  cellar  a  10-in.  cellar  wall 
and  8"  for  the  first  and  the  second 
story  wall  is  heavy  enough.  Rein- 
forcing steel  should  never  be  omit- 
ted; with  the  slight  extra  cost,  the 
fear  of  cracks  is  overcome. 

Two  %-in.  bars  should  run  contin- 
uously in  all  walls  and  partitions 
just  over  window  and  door  heads. 
Local  conditions  better  determine  the 
quantity  and  placing  of  vertical 
steel. 

Inside  partitions  should  be  about 
4"  or  5"  thick.  Grounds  for  base 
rails,  etc.,  with  grooves  for  wiring 
and  piping,  must  not  be  overlooked. 
Small  holes  for  pipes  are  easily  pro- 
vided by  wrapping  a  few  layers  of 
heavy  paper  around  a  stick  and  plac- 
ing where  the  hole  is  wanted.  The 
paper  makes  removal  an  easy  matter. 
Forms  for  the  cellar  wall  and  the 

•Architect,  Ml.  Lebanon,  Pa. 
January,  1915 
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Fig.  1 — ^Suggestion  for  Combixatiox  Roof  and  Cornice 
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first-floor  slab  should  be  built  at  the 
same  time  so  that  the  wall  and  the 
slab  may  be  poured  integral  and 
likewise  the  walls  and  slabs  for  the 
first  and  the  second  story. 

The  outside  walls  should  have  air 
space  provided  with  %-in.  x  2-in. 
furring  strips ;  the  air  space  is  rec- 
ommended where  zero  weather  is  ex- 
pected as  the  saving  in  heating  fuel 
will  pay  for  the  air  space  and  the 
house  will  be  cooler  in  summer. 

The  thickness  of  the  floor  slab 
and  amount  of  reinforcing  required 
will  vary  according  to  the  span  and 


top  part  of  the  house,  whether  it  is 
called  the  cornice  or  the  parapet. 
Where  the  roof  is  flat,  a  combination 
roof  and  cornice  works  out  well  and 
is  simple  in  eonstruction.  Fig.  1  shows 
one  arrangement;  the  appearance 
here  is  extremely  plain  but  it  may  be 
built  to  suit  individual  tastes  or  style 
of   architecture. 

The  roof  bears  entirely  on  the  cin- 
der fill,  allowing  freedom  for  shift- 
ing due  to  change  in  temperature. 
Care  must  be  taken  in  cementing  in 
the  brass  flange  and  pipe  and  the 
j^ipe  must  clear  the  hole  in  the  slab 
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by  at  least  l^" ;  a  cheaper  conductor 
may  extend  to  the  ground.  Brackets 
may  be  placed  at  the  corners  and  at 
intervals  for  support  and  appearance. 
The  forms  about  this  detail  work 
should  be  well  oiled  to  keep  them 
from  warping,  which  often  causes 
cracks  before  the  concrete  is  hard. 

Fig.  2  shows  an  arrangement  of 
roof  with  j^arapet  or  guard  wall. 
This  wall  is  a  means  of  safety  where 
the  roof  space  is  utilized  and  when 
formed  out  on  top  is  very  suitable 
for  growing  plants  or  vines.  About 
two  layers  of  corrugated  paper  serve 
well  the  purpose  here  intended.  It  is 
collapsible  under  the  roof  expansion 
and  the  horizontal  part  makes  easy 
the  removal  of  the  form  board  over 
it.  My  experience  in  roof  construc- 
tion has  shown  that  Figs.  1  and  2 
are  very  simple  to  build,  are  efficient 
and  the  work  looks  neat. 

Cinders    being   light   and   not   too 
dense  when  rolled  to  grade  make  a 
good  inexpensive  base  for  a  concrete  ' 
roof. 

The  roof  should  have  a  fall  of  not 
less  than  %"  in  12"  and  preferably 
about  1/4''  in  12''. 

The  outside  finish  for  a  concrete 
house  whether  it  be  a  plastered  coat 
of  sand-finish,  rough-cast  or  pebble- 
dash  will  surely  be  a  permanent  job. 
The  sand  or  float  finish  should  be 
given  last  consideration. 


Forms  should  be  so  constructed  as 
to  be  readily  accessible  for  inspection 
at  all  places  and  at  all  times  and  to 
be  easilv  cleaned. 


Care  must  be  taken  to  see  that  the 
concrete  and  the  wet  forms  are  not 
allowed  to  dry  out  when  salamanders 
or  other  artificial  heaters  are  used  to 
keep  tlie  work  warm. 


Fig.  1 — Cottage  With  12-in.  Concrete  Walls  Built  fob  $2,450.    See  Plans  in  Fig.  2 

Two  Cottages  With  Solid  Concrete  Walls,   Built 
Near  Middleburg,  Va. 


The  two  houses  shown  in  the  ac- 
companying illustrations  from  photo- 
graphs and  floor  plans  were  built  by 
Claude  H.  Haga  on  the  estate  of 
Joseph  B.  Thomas,  near  Middleburg. 
Va.  They  are  but  two  small  units  in 
very  extensive  concrete  work,  the 
stucco  surfaces  on  which  are  made 
the  subject  of  a  special  contributed 
article  elsewhere  in  this  issue. 

These  houses  were  referred  to 
briefly  in  a  previous  article'  by  Mr. 
Haga  describing  work  on  the  Thomas 
estate  but  the  plans  are  unusually  in- 
teresting and  with  them  it  is  possible 
now  to  present  more  detailed  data. 

The  houses  are  at  the  entrance  of 
the  Thomas  estate,  one  for  a  lodge 
and  the  other  for  the  residence  of  the 
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Fig.  2 — Pians  of  Concrete  Cottate  Near  Middlebirg,  Va. 
[W] 


gatekeeper.  The  front  walls  of  both 
houses  are  continued  in  the  walls  of 
the  estate.  The  house  with  a  chim- 
ney at  either  end  and  with  a  lattice- 
screened  doorway  was  designed  by 
Mr.  Haga,  the  other  by  Frederick  J. 
Herner,  N.  Y.  C. 

The  house  designed  by  Mr.  Haga 
has  12-in.  walls  poured  in  steel  forms 
—the  Morrill^  system,  using  shallow 
pan  sections  2'  x  2'.  The  dimensions 
are  shown  on  the  accompanying 
plans.  The  first  story  has  a  ceiling 
height  of  8'  6",  and  the  second  story 
is  4'  to  the  rafter  plate.  Walls  and 
chimneys  contain  approximately  95 
cu.  yds.  of  concrete.  The  mixture 
used  was  1  part  cement  to  4  parts 
sand,  poured  wet  and  then  filled  in 
with  field  stones — all  that  the  wet 
mortar  would  cover  as  the  work  pro- 
gressed. Mr.  Haga  is  of  the  opinion 
that  50%  of  the  bulk  of  the  wall  is 
made  up  of  fieldstones.  The  only  re- 
inforcing used  consisted  of  bars 
placed  around  openings  and  in  the 
fireplaces  and  chimneys.  Chimney 
flues  are  of  terra  cotta  and  the  steel 
forms  were  used  in  part  in  building 
up  the  chimneys,  the  taper  being 
given  by  a  wedge-shaped  wood  form 
section,  moved  upward  as  the  work 
progressed.  The  fireplace  was  made 
with  wood  forms  on  which  a  steel 
throat  rested.  On  this  throat  the  flue 
lining  was  started.  The  fireplace 
was  later  lined  with  fire-brick. 

Ground  floor  joists  have  their  bear- 
ing on  a  ledge  of  the  foundation  walls 
which  are  16"  thick  except  in  the  cel- 
lar  section.      The   ceiling  joists   are 


^Milton    Dana    Morrill,   Archt..    Washington, 
D.  C. 
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Fig.  3 — Concrete  Cottage  With  8-in.  Walls  Built  at  a  Cost  of  $2,700.     See  Pi^xs 
IN  Fig.  4 
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Fig.  4^ — Plans  of  $3,700-Cottage  With  8-in.  Walls  Near  Middleburg,  Va. 


fastened  by  joist  hangers,  held  in 
turn  by  a  2-in.  by  8-in.  timber  which 
is  bolted  to  the  walls.  Mixing  and 
placing  the  concrete  were  done  by 
hand,  but  in  placing  the  field  stones 
they  were  dropped  into  the  forms  di- 
rect from  wagons  which  brought 
them  in,  until  the  wall  was  above  a 
height  of  8^ 

Mr.  Haga  figures  form  setting  and 
removing  on  this  house  at  $60. 

The  house  is  plastered  direct  on 
the  concrete  inside  and  stuccoed  out- 
side (description  of  stucco  work  else- 
where in  this  issue). 

January, 1915 


The  other  house  has  8-in.  walls  of 
1  :2  -A  mix,  cement,  sand  and  stone, 
and  because  of  the  thinner  walls  is 
much  more  strongly  reinforced.  It 
was  also  poured  in  steel  forms.  Both 
houses  were  built  at  about  the  same 
time  and  in  connection  with  estate 
walls  and  various  small  outbuildings, 
Mr.  Haga  figures  the  cost  of  the  12- 
in.  wall  house  at  $2,450  and  that  of 
the  8-in.  wall  house  at  $2,700.  He 
was  sure  enough  of  these  figures  to 
take  a  contract  to  build  another  house 
almost  identical  with  the  one  with  12- 
in.  walls  and  two  chimneys  at  a  price 


complete  of  $2,850,  and  expects  to 
make  a  good  profit.  Other  cottages 
being  erected  on  the  Thomas  estate 
are  also  constructed  with  12-in.  walls 
using  field  stones  for  filh-r. 


Preserving    and    Reinforcing 

Decayed   Wooden    Poles 

With  Concrete 

To  prevent  the  furtlier  decay  of 
wooden  poles  at  the  ground  line,  the 
East  St.  Louis  &  Suburban  Ry.  has 
constructed  a  special  mixing  plant  to 
allow  the  easy  transportation  of  con- 
crete from  the  mixer  car  to  the  base 
of  poles  on  either  side  of  the  right- 
of-way,  according  to  Railway  En- 
gineering and  Maintenance  of  Way 
for  Sept.,  1914. 

The  mixer'  is  mounted  on  one  end 
of  a  40-ft.  double-truck  flat  car  with 
a  motorman's  cab  at  the  other  end. 
Directly  behind  the  cab  is  a  200-gal. 
cylindrical  tank,  the  water  befng 
forced  to  the  mixer  through  a  small 
pipe  by  air  under  10  lbs.  pressure. 
The  materials  for  a  day's  work  ar< 
carried  on  the  car  between  cab  and 
mixer.  The  mixer  is  charged  by 
means  of  a  loading  skip. 

The  mixer,  set  up  as  high  as  clear- 
ances would  permit,  is  operated  by 
an  electric  motor  and  under  ordinary 
conditions  has  a  capacity  of  6  cu.  ft. 
per  min.  The  concrete  is  discharged 
from  the  mixer  into  an  open  gravity 
chute  10''  X  10"  with  a  fall  of  8' 
in  its  length  of  18'.  This  chute  is 
pivoted  at  the  mixer  and  supported 
near  the  other  end  by  a  guy  which 
permits  swinging  of  the  chute  and 
raising  and  lowering  it  as  the  condi- 
tions require.  This  outfit  has  re- 
duced the  cost  of  concreting  pole 
butts  to  about  one-half  of  the  cost 
of  doing  the  work  by  hand. 


^A  No.  0  soecial  mixer  made  bv  the  Marsh- 
Capron  Mfg.  Co.,  477  Old  Colony  Bldg.,  Chicago 


Concrete  Urn  Made  at  School  of  Iit- 
dustrial  Art,  Philadelphia 

[19] 


CONCRETE-CEMENT  AGE 


f 


yP>* 


Fig.  1 — CoNcnETE  Block  Cottage,  Riverside,  Cal.,  After  Two  Yus.  in-  Which   to 
Ghovv  Ixto  the  Laxdscape 


An  Engineer's  Concrete  Block  Cottage — Built    in 
Riverside,  CaL,  for  $3,000 

By  Rolf  R.  Newman* 


Why  should  an  engineer  build  a 
concrete  cottage — particularly  a  con- 
crete block  cottage?  Answer:  (1) 
The  block  feature,  including  the  al- 
ternation of  wide  and  narrow  courses, 
was  especially  desired  by  the  friend 
for  whom  the  house  was  constructed. 
(2)  It  was  believed  (and  proved 
true)  that  a  house  of  this  "story-and- 
a-half"  type,  either  in  concrete  or  in 
concrete  block,  would  involve  inter- 
esting "how-to-do-it"  features 
worthy  of  working  out.  (3)  I  be- 
lieve, with  Benjamin  A.  Howes,  that 
"building  contractors  on  the  profes- 
sional plane"  can  be  of  assistance 
in  any  and  all  parts  of  the  building 
world  of  today. 

The  effort  was  made  to  see  what 
could  be  done  in  an  isolated  house  of 
this  type  for  about  $2,500,  but  on 
account  of  the  later  addition  of  a 
Solar  heater  and  certain  other  better- 
ments, the  actual  cost  was  slightly 
over  $3,000 — an  exact  segregation  of 

the  principal  items  being  as  follows: 
Carpenter  work — labor  and  material  for 

rouph  and  finish    Si, 35 1 

Concrete      work — block,      lintels,      porcli 

floors,  steps,  etc 908 

Plumbi  ng  325 

Plastering — inside,   two  coats   direct   on 

block   200 

Painting 97 

Electric  work — wiring,   fixtures  and  gas 

in  kitchen  'O 

Hardware — rough  and  finish 60 

Total  I3,0U 

The  distribution  of  cost  to  the  own- 
er on  a  fivc-))ayment  basis  was  work- 
ed out  as  follows:  (1)  1/5  When  block 

>Civ.  engr.,  Riverside,  Cal. 


walls  are  finished  to  height  of  sec- 
ond story.     (2)  %  When  roof  is  on. 

(3)  %  When  plastering  is  completed. 

(4)  %  When  house  is  entirely  com- 
pleted. (5)  %  Legal  period  to  free 
all  liens   (in  California,  31   das.) 

The  house  was  built  for  R.  J.  Nel- 
son, Riverside,  Cal.,  but  before  com- 
pletion he  sold  it  to  A.  H.  White, 
the  present  owner  and  occupant.  Mr. 
White  is  an  experienced  California 
orchardist  and  has  himself  planted 
and  tended  the  vines  and  plants  that 
have  so  completely  covered  the  cot- 
tage in  two  years'  time.  Four  mos. 
was  the  time  required  to  build  the 
house  and  it  was  finished  in  the  sum- 
mer of  1912. 

The  first  step  was  the  manufac- 
ture of  the  block  at  the  site  of  the 
house  on  a  standard  8-in.  x  8-in.  x 
16-in.  Idear  block  machine.  The 
crew  on  this  work  was  two  men  and 
they  made  a  maximum  of  80  block  in 
an  8-hr.  da.  While  this  work  was 
in  progress  the  excavation  for  cellar 
was  made  and  solid  concrete  cellar 
walls,  foundation  walls  and  fireplace 
foundation  were  placed.  The  cellar 
hatchway  and  steps  are  also  of  solid 
concrete.  The  earth  excavation  for 
cellar  and  hatchway  was  trimmed 
vertically  to  a  sufficiently  true  line  to 
use  it  for  the  rear  form,  a  wooden 
panel  being  used  as  the  inside  form 
and  concrete  being  poured  between 
the  wooden  form  and  the  earth  wall 

2Ideal  Concrete  Machy.  Co.,  Cincinnati.  Ohio 


at  the  rear.  This  is  a  saving  in  forn> 
work  which  it  is  always  good  to  try 
for  if  the  ground  in  which  work  is 
being  done  will  stand  up. 

All  the  sills  and  lintels  were  cast  at 
the  site.  The  lintels  were  cast 
separately  in  the  same  form,  which 
consisted  of  a  bottom  and  two  side 
pieces  of  surfaced  2-in.  plank  long 
enough  to  cast  the  longest  lintel  {Q'' 
8")  with  movable  wooden  end  gates- 
which  were  set  in  the  form  at  any 
distance  apart  required  to  cast  a 
lintel  of  a  certain  length.  The 
face  of  the  lintel  to  be  exposed  was 
cast  down  against  the  bottom  of  the 
form  and  all  were  reinforced.  Not 
one  was  broken  in  raising  them  into- 
place  by  hand  power,  but  to  avoid  un- 


FiG.  2 — Two  Views  of  Cottage  Soox  Af- 
ter   CONSTRUCTIOM 

These,  as  compared  with  Fig.  1,  show  the 
value  of  vines  and  plants  in  architecture 

necessary  handling  of  the  longest 
one,  which  weighed  approximately 
800  lbs.,  it  was  cast  on  a  platform- 
on  a  level  with  and  just  opposite  its 
location  in  the  wall  and  when  hard- 
ened it  was  rolled  over  into  place 
The  lintels,  as  well  as  the  block, 
were  given  a  l/2-in.  facing  of  1  part 
cement  to  ^V-y  parts  of  sand,  the 
backing  being  a  regular  1:21/2:41/^ 
concrete — the  coarsest  particles  of 
rock  being  not  over  %"  in  diameter. 
The  concrete  block  in  the  gable 
ends  were  carried  up  only  to  the  top 
of  the  second  story  windows — the 
peak  of  the  gable  being  finished  in- 
wood  in  connection  with  the  wooden; 
roof.  Rafter  plates  of  2-in.  x  6-in. 
rough  pine  were  bolted  to  the  tops 
of  the  front  and  the  rear  walls;  to 
these  the  wooden  rafters  were  nailed. 
The  first  and  the  second  story  floor 
joists  fitted  into  notches  in  the  block 
of  the  exterior  walls  and  had  a  4-in. 
bearing  surface  on  these  walls  so  that 
in   every   way   the   concrete   and  the 

January,  1915- 
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Fig.  3 — Floor  Plaxs  and  Elevations,  Concrete  Block  Cottage 


wooden  portions  of  the  building  were 
tied  together  as  firmly  as  possible. 
The  only  interior  walls  of  concrete 
block  are  those  of  the  cool  room, 
which  insulate  this  room  from  the 
kitchen  and  other  portions  of  the 
house.  This  re-entrant  feature  at 
the  center  of  the  rear  wall,  together 
with  the  buttress  effect  of  a  chimney 
built  into  either  side  wall,  and  the 
column  and  wall  arrangement  at  the 
front,  gives  the  house  wonderful  sta- 
bility and  compactness.  When  it  is 
considered  that  the  net  ground  area 
covered  is  28'  x  36'  or  approximately 
1,000  sq.  ft.,  it  will  be  recognized  as 
quite  worth  while  that  so  substantial 
and  approximately  "fire-safe"  a 
house  can  be  built  for  as  low  as  $3.00 
per  sq.  ft.  of  ground  area. 

It  must  be  further  recognized  that 
the  "story-and-a-half"  type  of  house 
embodies  many  advantageous  fea- 
aures  of  appearance  and  of  economy 
for  the  following  reasons:  (1)  The 
relation  of  wall  area  to  roof  area  is 
such  that  good  proportions  are  easily 
maintained,  even  by  those  not  greatly 
versed  in  architecture.  (2)  The 
amount  and  location  of  the  concrete 
in  the  exterior  walls  of  this  type  of 
house  are  such  as  to  derive  a  maxi- 
mum benefit  without  incurring  the  un- 
due expense  of  raising  it  as  high  as 
even  a  full  two-story  house  would  re- 
quire. (3)  The  arrangement  of 
rooms  with  some  below  and  some 
above  has  a  recognized  economy  over 
any  arrangement  of  the  same  num- 
ber and  size  of  rooms,  all  on  one  floor. 

January,  1915 


As  to  the  contractor's  plant  (aside 
from  the  carpenter's  tools  furnished 
by  my  foreman  and  men  working 
under  him)  necessary  to  build  this 
house,  $200  would  cover  it,  including 
block  machine,  wheelbarrows,  shovels, 
rope,  etc.  To  build  the  same  house 
all  in  reinforced  concrete,  using 
wooden  forms,  would  require  an  in- 
vestment in  "plant"  of  at  least  $400; 
and  the  best  figures  I  have  on  steel 
forms  would  indicate  a  minimum  in- 
vestment in  "plant"  using  steel  forms 
of  $1,000.  The  "plant,"  to  be  sure, 
is  in  all  cases  available  for  the  next 
job  but  we  see  in  these  figures  a  rea- 
son wh}-,  in  the  absence  of  a  greater 
public  demand  for  reinforced  con- 
crete, block  have  remained  a  "stand- 
by" of  the  small  builder. 

My  complete  "crew"  on  this  job 
consisted  of  a  foreman,  familiar  with 
both  carpentry  and  concrete  work, 
and  five  men  (including  the  two  pre- 
viously mentioned  as  making  the 
block).  The  foreman  received  $3.75 
per  da.  of  eight  hrs.  A  regular  car- 
penter with  him  received  $3.50.  Two 
carpenter  helpers  received  $2.50 
each.  The  man  at  the  block  machine 
(who  also  later  laid  the  block)  re- 
ceived $3.00  per  da.  and  his  helper 
received  $2.00  per  da. 


Cement  Market  in  Dominican 
Republic 

Cement  is   being  employed  in  in- 
creasing   quantities     in    the    Puerto 


Plata  district,  largely  on  account  of 
the  popularity  of  reinforced  concrete 
construction,  according  to  the  Daily 
Consular  and  Trade  Reports  for 
Dec.  21,  19 11.  Nearly  all  new  busi- 
ness buildings  and  a  number  of  resi- 
dences are  of  this  type.  The  build- 
ing trades  have  been  active  until  the 
last  few  months,  when  most  of  the 
work  has  been  suspended. 

Cenfient  is  used  in  considerable 
quantities  by  the  various  town  coun- 
cils (ayuntamientos)  for  gutters, 
paving,  etc. ;  by  the  two  railroads  and 
the  Pub.  Wks.  Dept.  for  culverts 
and  similar  purposes ;  and  by  some 
of  the  largest  cacao  and  coffee  plan- 
tations for  building  drying  floors. 

Estimates  of  the  total  assumption 
of  cement  for  the  Republic  are  placed 
at  70,000  bbls.  for  1913  and  40,000 
bbls.  in  1914.  The  estimated  de- 
crease for  the  current  year  is  in  line 
with  the  general  business  conditions 
that  have  prevailed.  Probably  one- 
third  of  the  total  is  consumed  in  this 
consular  district,  which  includes  the 
northern  Provinces  known  as  the 
Cibao. 

Probably  98%  of  the  cement  sup- 
ply is  of  American  origin,  although 
there  have  been  occasional  shipments 
from  Germany.  It  is  specially  grati- 
fying to  note  that  the  good  qualities 
of  the  American  product,  proximity 
to  American  ports  and  effective  trade 
methods  have  won  the  market. 

The  cement  is  imported  in  the 
standard  American  barrel,  weighing 
400  lbs. 

As  is  the  case  with  almost  all 
manufactured  articles,  cement  has 
attained  a  high  price  when  it  finally 
reaches  the  Dominican  consumer. 
The  following  figures  show  the  cost 
per  bbl.  of  imports  in  the  usual  size 
lots:  Price  per  bbl.,  f.  a.  s.  (free 
along  side),  $1.46;  freight.  New 
York  to  Puerto  Plata,  $0.63;  com- 
mission, $0.07;  consular  fees,  $0.05; 
wharfage,  $0.18;  lighterage.  $0.07; 
duty,  $0.18;  total  landed  cost,  $2.64. 

The  usual  retail  price  in  Puerta 
Plata  is  between  $5.00  and  $6.00  per 
bbl.,  although  at  times  a  higher  price 
is  quoted.  In  Santiago,  the  chief 
town  of  this  district,  the  present  re- 
tail price  is  $6.00  per  bbl.,  in  spite 
of  the  freight  rate  of  $5.00  per  ton 
from  Puerto  Plata,  a  distance  of  42 
miles. 

The  future  expansion  of  trade  in 
cement  will  probably  depend  more 
on  the  internal  condition  of  the  coun- 
try than  anything  else.  With  tran- 
quility and  prosperity  there  should 
be  a  considerable  increase.  At  pres- 
ent one  American  firm,  which  has 
actively  cultivated  the  export  field, 
supplies  practically  the  entire  de- 
mand. 
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Fig.  1 — Front  avd  Side  Views  of  Albany  House  Built  of  Concrete  by  New  Method 


House  with  Concrete  Walls   and   Permanent    In- 
terior *'Form"  of  Hollow  Tile 

By  C.  R.  Knapp' 


In  building  concrete  houses  where 
hollow  walls  are  used  it  has  been  the 
general  practice  to  use  a  movable 
core  system,  the  core  being  moved  up 
as  fast  as  the  concrete  gets  to  the  toD 
of  the  core.  I  have  used  this  method 
on  a  number  of  buildings  but  gave  it 
up  to  use  a  3-in.  partition  tile  placed 
in  the  center  of  the  wall  making  two 
4-in.  concrete  walls  with  this  3-in. 
tile  between.  This  way  of  producing 
a  hollow  wall  has  a  great  many  ad- 
vantages over  the  "pull-a-core"'  sys- 
tem besides  showing  a  decrease  in 
the  cost.  The  saving  of  time  more 
than  overbalances  the  cost  of  the 
tile. 

In  building  the  concrete  house  here 
illustrated,  I  believe  that  I  have  made 
a  still  further  advance  in  the  hollow 
wall  methods.  The  results  fully 
bears  me  out  in  tliis  belief.  In  this 
case  instead  of  placing  my  hollow 
partition  tile  in  the  center  of  the  wall 
I  have  used  it  for  my  inside  form. 
This  brings  my  two  4-in.  concrete 
walls  together,  making  an  8-in.  solid 
wall  and  saving  one  line  of  steel  rein- 
forcement. The  tile  are  held  in  place 
by  a  board  or  strip  in  front  of  the 
2x4  uprights  which  are  put  in  at 
regular  spacing  to  match  the  2  x  4's 
of  the  front  forms.  Reference  to  the 
drawing  will  show  that  the  boards  or 
strips  that  hold  the  tile  in  place  come 
only  at  the  points  where  the  tile  open. 
There  is  in  this  method  a  great  sav- 
ing because  it  saves  building  the  in- 
side forms  and  leaves  only  one  side 
of   the  concrete  wall  to   look   after. 


'Builfler,  Albany,  N.  Y. 
[22] 


The  tile  are  more  easily  handled  and 
can  be  kept  in  place  better  than  when 


Y\Q.   2 — Detail   Showing   Method   of 
Wall  Consthuctign 
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Fig.  4- — Side  Elevatiok 


Fig.  5 — Front  Elevation 


used  in  the  center  of  the  wall,  and 
the  air  space  is  just  as  effective.  In 
the  finish  of  the  inside  wall  the  wall 
plaster  is  put  directly  on  the  tile,  to 
which  it  adheres  firmly. 

The  illustrations  from  photographs 
and  the  plans  show  the  house  built  in 
Albany  by  the  method  described.  It 
was  built  with  idea  of  producing  just 
a  simple,  cozy,  homelike  bungalow. 
It  is  a  house  built  around  a  big  fire- 
place. The  openness  or  oneness  of 
the  lower  floor,  with  no  partitions  ex- 
cept around  the  kitchen,  is  a  special 
feature.  Its  large  window  spaces 
give  plenty  of  good  sunlight  and 
these  with  the  outdoor  sleeping  porch 
on  the  second  floor  rear  show  the 
owner's  appreciation  not  only  of  light 
but  of  fresh  air.  The  windows,  all 
casements  of  a  new  style,  are  hinged 
in  the  middle  and  push  out,  the  ends 
coming  together. 

The  coal  bin  is  under  the  front 
porch,  sloping  to  a  hole  in  the  founda- 


tion wall  near  the  heater,  thus  leav- 
ing no  chance  for  coal  dust  in  house. 
Cupboards  for  storage  are  built  in 
foundation  wall  by  using  insets  when 
concrete  goes  in.  There  is  a  beamed 
ceiling  on  first  floor. 

The  finish  of  the  outer  wall  is 
bush-hammered  at  a  cost  of  approxi- 
matory  3  cts.  per  sq.  ft.  The  roof  is 
of  red  asbestos  shingles,  thus  giving 
a  touch  of  color. 

The  finish  of  the  woodwork  inside 
is  mission.  The  finish  of  the  wood- 
work outside  is  painted  white. 


Excess  of  water  is  detrimental  to 
concrete,  as  it  brings  a  layer  of  ce- 
ment which  has  already  set  to  the 
surface,  forming  a  point  of  weak- 
ness in  the  finished  work,  unless  it  is 
well  scraped  off"  before  the  (tiext 
layer  is  deposited. 


Cement    Second   in   Pennsyl- 
vania's Mineral  Industries 

Pennsylvania  so  far  exceeds  all  the 
rest  of  the  states  in  the  value  of  its 
mineral  products  as  to  stand  almost 
alone.  Exclusive  of  the  value  of  pig 
iron,  coke,  and  other  derived  or  sec- 
ondary products  not  included  in  the 
total,  the  value  of  Pennsylvania's 
mineral  production  is  nearly  one- 
fourth  that  of  the  entire  country ;  and 
in  191s,  according  to  figures  of  the 
U.  S.  Geolo.  Survey,  computed  in  co- 
operation with  the  Pa.  Topographic 
and  Geologic  Survey  Commission,  it 
equaled  the  combined  value  of  the 
production  of  W.  Va.,  111.,  Ohio 
and  Cal.,  the  next  four  states  in  the 
value  of  their  mineral  product. 

Pennsylvania  derives  its  mineral 
wealth  almost  entirely  from  non-me- 
talliferous mining  operations.  Sec- 
ond in  importance  among  Pennsyl- 
vania's mineral  industries  is  the  man- 
ufacture of  Portland  cement.  The 
production  of  cement  in  ipiS  was 
28,060,495  bbls.,  valued  at  $24,268,- 
800,  against  27,625,340  bbls.  valued 
at  $18,945,835,  in  1912. 

The  Geological  Survey  report  also 
states  that  the  Portland  cement  in- 
dustry took  second  place  among  In- 
diana's activities  in  mineral  produc- 
tion in  1913.  Production  increased 
from  a  little  less  than  10,000,000 
bbls.  in  1912  to  about  10,250,000 
bbls.  in  1913. 


Care  must  be  taken  to  have  well 
laid  out  and  well  supported  runways 
for  the  wheelbarrows  or  carts,  so  as 
not  to  displace  the  forms  or  rein- 
forcement. 


Fig.  6 — Sectiok 
January,  1915 


In  no  case  should  fresh  manure  be 
jilaced  over  very  green  concrete  to 
protect  it  .from  freezing,  as  it  will 
spoil  the  surface  of  the  concrete. 

[23] 
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Figs.  1  and  2 — 'A  Garden  Wall  of  Concrete  With  Slap-dash  Stucco  Finish  and  at  the  Right  Egg-Shell  Finish  and  a 
Section  of  Unfinished  Wall.     The  Stucco  is  %"  Thick  (Average)  and  Cost  15  Cts.  Per  Sq.  Yd.  for  Material  and  Labor 

A  Feature  of  this  finish  and  in  practically  all  of  the  other  stucco  finishes  put  on  under  Mr.  Haga's  direction  is  in  the  fact  that 
workmen  are  not  permitted  to  "fuss"  with  their  work.  It  has  been  very  hard  to  get  them  to  press  on  the  stucco  firmly  with 
one  free  stroke  and  then  let  it  alone.  But  that  is  what  is  done  on  nearly  all  of  the  Haga  work.  In  Fig.  2  the  holes  where  the 
spacing  rods  for  the  steel  form  sections  were  driven  out  have  been  pointed  and  the  surface  is  ready  for  stucco 

but  in  the  past  three  years  his  work 
has  constantly  increased  in  scope  and 
while  he  started  in  the  construction 
of  small  cottages  and  farm  buildings, 
the  Haga-built  houses  have  been  es- 
tablished as  a  standard  for  the  entire 
section  and  are  sought  for  by  the 
rich  and  poor  alike,  not  because  they 
are  cheap  but  because  they  are  the 
best  that  money  could  buy.  The  fine 
exterior  finish  and  consequent  at- 
tractive appearance  are  not  the  least 
of  the   reasons   for  this   phenominal 


Thin  Stucco  Finish  on  Garden  Walls  and   Build- 
ings Near  Middleburg,  Va. 

(Contributed) 


In  the  mind  of  even  the  laymen 
who  has  watched  the  construction  of 
a  house  of  reinforced  concrete,  there 
is  no  question  of  concrete's  superior- 
ity as  a  structural  material,  but  we 
must  recognize  the  fact  that  if  the 
reinforced  concrete  house  is  to  take 
the  place  which  it  deserves  in  the 
building  world  a  radical  change  must 
be  made  in  its  appearance  and  exter- 
ior treatment. 

The  demand  is  for  a  finished,  work- 
manlike surface  as  it  comes  from 
the  forms  and  the  writer  wishes  to 
acknowledge  frankly  that  with  the 
usual  methods  this  has  seemed  almost 
unattainable. 

We  can  theorize  on  the  artistic 
side  and  argue  that  the  exposed  ag- 
gregate is  the  true  concrete  surface, 
or  we  may  satisfy  ourselves  with  the 
reasoning  that  the  form  marks  should 
remain  and  show,  being  natural  to 
this  way  of  building,  or  we  may  go 
further  and  use  a  tooled  surface. 
But  while  these  wall  finishes  may  be 
excellent  for  some  types  of  houses, 
I  believe  that  all  builders  who  have 


tried  these  methods  of  finish  know 
the  difficulties  encountered  and  have 
often  themselves  been  disappointed 
in  their  results  obtained. 

Stucco  and  rough-cast  surfaces 
seem  especially  suited  to  concrete 
buildings  and  offer  great  artistic 
possibilities,  but  in  many  instances 
in  which  this  material  has  been  ap- 
plied in  the  usual  way,  the  stucco  has 
come  loose  and  peeled  off,  and  it  is 
generally  considered  difficult  to  ap- 
ply stucco  over  concrete  so  as  to  pro- 
duce a  good,  permanent  finish. 

It  is  a  common  saying  in  these 
times  that  while  man  is  saying  that 
a  thing  cannot  be  done  he  is  quite 
likely  to  be  interrupted  by  another 
man  doing  it,  and  this  is  true  in 
stucco  over  concrete,  and  "the  man 
who  made  it  stick"  is  none  other  than 
a  Virginia  builder  operating  in  a 
rural  section  of  Landam  Co.,  12  miles 
back  from  the  railroad. 

The  work  of  C.  H.  Haga  has  been 
illustrated  in  this  magazine  before,' 

'January,  1914,  p.  6 


To  obtain  straight  smooth  walls,  as 
well  as  for  economy  in  erection,  Mr. 
Haga  has  used  on  all  this  work  one 
of  the  standard  makes  of  pressed 
steel  wall  forms,^  equipment  which 
he  has  already  used  over  hundreds 
of  times  without  apparent  damage. 

On  the  first  buildings  he  was  care- 
ful to  have  the  stucco  applied  while 
the  walls  were  green,  but  in  the  later 
buildings  he  has  found  this  precau- 
tion unnecessary  and  often  the  stucco 
has  not  been  put  on  until  months 
after  the  walls  were  up.  At  first 
the  wall  was  roughened  to  give  bond 
but  this  was  also  found  to  be  unnec- 
essary, and  the  finish  was  applied  on 
the  smooth  surface,  just  as  left  by 
the  steel  forms.  Work  of  this  sort 
has  been  done  at  all  seasons  of  the 
year  except  in  the  dead  of  winter. 

To  test   the   bond   the  writer   has 


^Morrill  System 
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Fig.  3 — So-called  "Trowel  Float"  Finish. 
First  Applicatiox  of  Stucco 

tried  to  remove  the  stucco  in  several 
places  on  the  various  buildings^  but 
invariably  the  chisel  takes  a  part  of 
of  the  concrete  off  with  the  finish, 
showing  a  perfect  bond.  It  is  hard 
to  account  for  this  except  by  the  fact 
that  the  coat  is  only  put  on  i/g"  to  I/4'' 
in  thickness  and  does  not  act  in  the 
same  way  as  a  heavy  thickness  of 
stucco. 

First,  the  wall  is  thoroughly 
drenched  about  an  hour  before  the 
work  is  applied  and  again  immedi- 
ately before  the  work  is  started. 
White  or  gray  Portland  cement  is 
used  with  clean  sand  or  stone  dust. 
It  is  applied  with  a  steel  trowel  but 
great  care  is  taken  ont  to  touch  the 
work  after  the  first  stroke.  This 
gives  that  free,  almost  careless  ap- 
pearance so  characteristic  of  the  best 
Italian  stucco  finish,  and  the  walls 
have  a  uniform,  workmanlike  appear- 
ance, yet  show  great  variety,  as  no 
two  spots  are  alike. 

The  stucco  mix  is  1  part  cement  to 
1  part  sand  or  crushed  stone,  with 
10%  by  volume  of  hydrated  lime 
added.  In  warm  weather  the  stucco 
is  sprinkled  and  kept  damp  until  it 
has  set  up  quite  hard.  Coloring  mat- 
ter, when  desired,  is  mixed  in  the 
mass  but  enough  is  mixed  dry  for  an 
entire  side  before  the  work  is  start- 
ed. The  work  is  done  by  plasterers. 
The  cost  of  the  material  with  white 
cement  is  a  trifle  less  than  6  cts.  per 
sq.  yd.,  and  the  labor  cost  is   about 
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The   Surface  is  Not  Touched  After 


9  cts.  per  sq.  yd.,  so  that  the  total 
cost  of  this  attractive  finish  has  aver- 
aged only  15  cts.  per  sq.  yd. 

One  of  the  advantages  of  the 
rough  surface  is  that  any  slight  im- 
perfections in  the  wall  or  stucco  do 
not  show  and  in  one  of  the  buildings 
an  extra  rich  mix  was  used  in  the 
stucco  and  it  was  applied  in  hot 
weather. 

Much  of  the  work  on  the  various 
buildings  has  now  stood  perfectly 
for  nearly  three  years,  and  shows  no 
defects  and  seems  to  be  as  hard  and 
permanent  as  the  wall  itself. 


Testing  Cinder  Concrete 
Floors 

By   Harold   Perrine* 

In  the  year  1896  methods  of  tests 
were  adopted  by  the  N.  Y.  Bldg. 
Dept.  with  a  view  to  controlling  the 
design  of  floor  systems  which  consist 
essentially  of  arches  or  slabs  placed 
between  steel  beams.  Primarily, 
these  tests  consisted  of  the  standard 
fire,  water  and  600-lb.  load  tests 
leading  to  150-lb.  safe  live  load  ap- 
provals. To  eliminate  the  necessity 
of  further  elaborate  tests,  when  the 
manufacturer  desired  approvals  of 
longer  spans  and  greater  loads  than 
those  previously  constructed  for  fire 
test,   the   so-called   "arbitrary"   load 

^Civil  Engrg.  Dept.,  Columbia  Univ.,  N.  Y.  C. 


test  was  adopted.  Allhougli  this  was 
not,  perhaps,  in  the  present  state  of 
our  knowledge,  the  most  scientific 
and  economic  method  to  pursue  in  the 
establishment  of  safe  working  loads, 
it  served  its  purj)ose  in  the  absence 
of  otlier  data.  As  it  happened,  a 
major  portion  of  these  types  of  con- 
struction thus  tested  were  of  cinder 
concrete. 

This  method  of  testing  typical 
units  is  not,  in  the  writer's  opinion, 
deserving  of  all  the  adverse  criti- 
cism that  is  often  heaped  upon  it. 
If  the  test  is  conducted  intelligently, 
under  proper  auspices  and  with  the 
employment  of  definite  load  concen- 
trations, much  can  be  learned  there- 
from. In  fact,  it  is  only  through  a 
series  of  such  tests  as  a  basis  of  rea- 
soning, together  with  a  thorough 
knowledge  of  cinder  concrete,  as 
such,  that  proper  steps  in  the  right 
direction  can  be  taken. 

In  a  paper  on  this  subject  read  re- 
cently before  the  A.  S.  C.  E.,'  the 
author  of  the  paper  seems  entirely  to 
lose  sight  of  the  fact  that  the  great 
mass  of  cinder  concrete  construction 
in  N.  Y.  C.  is  not  installed  in  the 
form  of  true  continuous  beams. 
Seemingly  without  proper  investiga- 
tion of  the  obstacles  to  the  applica- 
tion of  accepted  formulas  for  design, 
he  makes  careful  and  painstaking 
analysis  of  many  of  the  present 
forms  on  this  assumption,  with  the 
result  that  he  finds  many  sj'stems 
overloaded.  Although  it  is  true  that 
many  designs  have  been  approved  for 
excessive  live  loads,  according  to 
the  accepted  theory,  many  others, 
chiefly  those  in  which  the  reinforce- 
ment is  continuous  and  securely  an- 
chored, are  within  safe, limits  due  to 
the  catenary  or,  possible,  even  to  the 
true  arch  action  which  these  types  of- 
fer. For,  the  facts  to  be  considered 
in  analyzing  many  of  the  approved 
types  are  extremely  difficult  to  deter- 
mine and,  in  fact,  they  off'er  an  ex- 
tensive  field   for   scientific   research. 

It  is  entirely  feasible  for  any  city 
to  establish  working  stresses  to  be 
used  in  cinder  concrete  construction 
between  steel  beams,  requiring  a 
minimum  limit  in  compressive 
strength  upon  standard  specimens. 
But  each  city  should  probably  do  this 
independently  in  view  of  the  fact 
of  the  variableness  of  the  clinkers 
available.  Also,  the  source  of  sup- 
ply of  the  clinkers  and  the  conditions 
obtaining  at  the  source  are  details  of 
inspection  equally  important  as  a 
knowledge  of  the  source  of  supply  of 
any  coarse  aggregate.  Proper  in- 
spection of  the  sand  to  be  used  can- 
not be  too  rigidly  enforced. 


^"Cinder  Concrete  Floors,"  by  Guy  B. 
Waite,  Proc,  A.  S.  C.  E.,  Vol.  40,  No.  4,  April, 
1914 
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Fig.  1 — Co.MPi.ETE  House  by  Simpson  Method  of  Ukit  Covstruction  at  New  Durham,   N.  J. 

At  the  left  is  an  exterior  view.  All  portions  of  building  showing  dark  are  of  concrete,  the  vertical  parts  cast  in  the  field;  all 
horizontal  dark  portions  and  the  light-colored  panels  were  pre-cast.  At  the  right  is  an  interior  view.  Studs  and  false  beams 
of  ceiling  were  cast  in  place,  other  parts  were  pre-cast.  See  Fig.  5,  a  view  from  the  same  location  while  building  was  being 
erected 


Double-Wall  House  Construction  With  Pre-Cast 
Wall,  Floor  and  Roof  Units 


A  new  type  of  construction  for 
fire-proof  homes,  the  invention  of 
John  T.  Simpson/  (who  supplies  this 
description)  consists  in  making 
buildings  of  reinforced  concrete 
practically  without  forms,  the  great- 
er portion  of  the  work  being  pre-cast 
and  of  minimum  sections,  made  with 
the  idea  of  using  common  labor  in 
erection.  No  plaster  or  stucco  is 
used.  All  outside  walls,  partitions, 
floors,  etc.,  are  hollow,  for  protection 
against  moisture  and  frost  and  for 
insulation. 

The  construction  consists  of  wall, 
partition,  celling,  floor  and  roof  slabs, 
together  with  belt  and  sill  courses, 
floor  beams  and  roof  rafters,  which 
are  made  of  standard  sections  and 
sizes  for  the  individual  pieces,  but 
which  may  be  assembled  in  any  com- 
})ination  desired,  so  that  while  each 
building  is  made  up  of  standard  units 
the  general  design  may  be  varied, 
making  it  unnecessary  to  produce 
buildings  all  of  which  arc  alike  in 
general  design  and  outline. 

The  footing  courses  are  cast  in 
place  as  are  also  the  studs  of  the 
walls  and  partitions,  togctht  r  with 
the  false  beams  of  tlie  ceilings. 

The  pre-cast  sections  of  the  build- 
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ing  are  made  on  casting  tables  or  in 
molds.  This  may  be  done  either  at 
the  building  site  or  in  a  yard  or  a 
shop  and  shipped  to  the  site.  If  the 
latter  method  is  adopted,  the  sections 
may  be  packed  in  fine  broken  stone, 
sand  or  gravel,  to  be  used  later  at 
the  site  to  form  the  studs. 

All  of  the  pre-cast  members  enter- 
ing into  the  construction  are  so  de- 
signed that  the  metal  with  which  they 
are  reinforced  projects  beyond  the 
end  or  the  edges  of  the  finished 
pieces.  In  assembling  the  pre-cast 
sections  at  the  buildings,  they  are 
spaced  at  intervals  at  the  walls  and 
partitions,  leaving  a  space  between 
every  two  sets  of  sections,  and  are 
clamped  together  temporarily  by 
means  of  channel-shaped  wood  or 
metal  forms  covering  the  two  open 
sides  of  the  intervening  space  and 
forming  a  pocket  into  which  reinforc- 
ing bars  are  placed,  and  the  pocket 
filled  later  with  concrete,  forming  the 
studs  and  binding  all  of  the  parts  to- 
gether. 

The  reinforced  concrete  beams  of 
the  floor  construction  rest  upon  the 
lop  of  the  wood  forms  of  the  studs, 
])crmitting  the  ends  of  the  concrete 
beams  with  their  reinforcement  to 
project  into  the  pockets,  so  that  when 
the   casting   is    complete   each   beam 
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fests  directly  upon  the  stud,  and  is 
securely  anchored. 

The  ceilings  are  formed  by  rein- 
forced concrete  slabs,  the  sides  of 
which  rest  on  the  bottom  flanges  of 
the  floor  beams,  which  are  specially 
designed  for  that  purpose,  a  space 
being  left  between  the  ends  of  each 
slab  into  which  the  reinforcement  of 
these  slabs  projects.  When  the  ceil- 
ing slabs  are  all  in  place,  channel- 
shaped  forms  of  wood  or  metal  simi- 
lar to  that  used  for  studs  but  proper- 
ly notched  at  intervals  to  cross  the 
floor  beams  are  placed  under  the 
openings  between  the  ceiling  slabs 
and  in  line  with  the  wall  studs,  form- 
ing pockets,  open  at  the  top,  and 
through  these  concrete  is  poured  un- 
shaped  forms  of  wood  or  metal  simi- 
til  it  overflows  above ;  thus  there  are 
formed  false  beams  at  right  angles 
to  main  beams,  closing  the  openings 
between  the  ceiling  slabs. 

The  floor  slabs  are  placed  directly 
on  top  of  the  floor  beams  with  the 
reinforcement  projecting  from  the 
ends,  forming  a  groove  on  top  of  the 
floor  beams  which  is  later  filled  with 
cement  grout  binding  the  slabs  to- 
gether. The  cross-joints  of  the  slabs 
are  brought  tight  together.  On  top 
of  these  slabs  is  placed  the  finished 
floor,  which  may  be  either  of  cement 
finish,  plastic  materials  or  the  stand- 
ard wood  floor  on  sleepers.  Upon 
the  removal  of  the  forms  of  the  false 
beams  and  studs,  the  exposed  faces 
are  touched  up  with  wood  or  steel 
float,  according  to  the  finish  desired. 
This  is  the  only  work  required  to 
complete  the  building. 

The   roof   rafters   and   roof   slabs 
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are  placed  in  the  same  way  as  the 
floor  beams  and  floor  slabs,  the  roof 
slabs  having  nailing  strips  embedded 


Fig.  6 — One  of  a  Ghoup  of  Four  Houses  Under  Construction  at  St.  Johns,  P.  Q. 

Pre-cast  floor  beams  are  in  place  supported  at  one  end  as  shown  in  Fig.  5  and  at  the 
othier  by  a  wood  form  which  malies  a  band  at  the  tops  of  all  partition  studs.  In  the 
center  just  a  glimpse  of  the  ceiling  slabs  is  given.    These  are  grouted  at  the  edges. 


Fig.  2 — Beam  Mold  in  Casting  Yard 
With  Reinforcement  in  Place,  One 
Side  of  Mold  Open  to  Show  Interior 

The  end  pieces  make  the  forms  adjustable 
as  to  length,  the  sectional  dimensions  re- 
maining the  same  for  ordinary  house 
work. 

Pig.  3 — Casting  Yard  for  Houses  Built 
AT  St.  Johns,  P.  Q. ;  Casting  Tables  in 
Foreground 

Fig.  4 — Sill  Course  and  Stair  Sections 
IN  Yaiu)  at  New  Durham 

Fig.  5 — House  at  New  Durham  Under 
Construction 

Walls  are  complete  to  first  story  window 
sills;  window  frames  in  place;  at  the 
right  the  inner  and  the  outer  panels  are 
in  place,  held  by  the  field  forms ;  top  ends 
of  interior  stud  forms  are  used  to  sup- 
port end  of  floor  beams. 
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in  their  upper  surfaces  for  securing 
slate  or  tile  or  to  be  finished  smooth 
in  case  felt  roofing  or  asphalt  shin- 
gles are  used. 

The  chimneys,  mantels  and  stairs 
are  all  pre-cast  and  built  in  as  the 
building  progresses,  the  reinforce- 
ment projecting  at  the  ends  in  such 
a  manner  as  to  be  cast  in  veith  the 
studs. 

Walls  may  be  built  either  with 
solid  slabs,  two  slabs  with  air  space, 
or  three  slabs  with  two  air  spaces. 
The  first  type  of  construction  is  in- 
tended largely  for  small  buildings  on 
the  farm,  garages,  etc. ;  the  second 
for  general  home  construction 
throughout  the  U.  S.,  and  the  latter 
for  more  northerly  home  construc- 
tion to  withstand  severe  winters. 

In  construction  the  standard  sizes 
of  the  sections  are  about  as  follows: 
Walls  and  partitions  slabs  1"  in 
thickness,  with  reinforcing  flanges  on 
the  back.  Ceiling  slabs  V  and  floor 
slabs   2"  in  thickness. 

Roof  slabs  1%"  in  thickness,  with 
molded  verge  pieces  around  the  out- 
side edges  of  roof. 

The  belt  and  sill  courses  are  gen- 
erally 5"  on  the  face,  and  8''  in 
width  of  wall.  Floor  beams  are  12" 
in  depth,  with  the  bottom  flange  9."  x 
5",  a  web  3"  in  thickness  and  top 
flange  S"  x  8".  The  stairs  are  form- 
ed with  a  tread  and  a  riser  -in  one 
piece,  tread  being  II/2"  in  thickness 
and  riser  V  in  thickness.  Iloof  raf- 
ters are  of  the  same  general  form  as 
the  floor  beams,  with  the  exception 
that  the  ends  form  outlookers,  which 
are  generally  S"  x  10".  The  rein- 
forcement used  for  the  wall  slab  work 
throughout   is    Clinton^   welded   wire 

^Clinton  Wire  Cloth  Co.,  Clinton.  Mass. 


2-in.  x  2-in.  mesh  for  walls,  parti- 
tions and  ceiling  slabs,  3-in.  x  4-in. 
mesh  for  floor  and  roof  slabs.  Weld- 
ed wire  3-in.  x  4-in.  mesh  is  also  used 
in  the  belt  and  sill  courses  and  lin- 
tels. 

The  beams  and  studs  are  rein- 
forced with  deformed  bars  of  l/2-in. 
by  l/^-in.  section  and  Clinton  welded 
wire. 

The  ends  of  the  reinforcements  in 
the  belt  courses  are  arranged  to  lap 
around  the  vertical  reinforcing  bars 
in  the  studs  and  hold  them  in  correct 
position  while  the  concrete  is  being 
poured. 

In  the  outer  edges  of  all  wall  studs 
are  placed  paper  tubes  which  are  held 
in  place  during  casting  by  the  welded 
wire  of  the  wall  slabs.  These  tubes 
provide  air  spaces  as  an  extra  pre- 
caution to  prevent  dampness  and 
frost  from  penterating  .through  tht 
studs. 

The  pre-cast  sections  are  either  of 
sand  and  gravel  to  pass  through  a 
^-in.  or  of  fine  stone  screenings  4 
parts,  and  Portland  cement  1  part. 
The  concrete  of  the  wall  studs,  false 
beams,  etc.,  is  made  of  the  same  pro- 
portions. 

The  standard  spacing  adopted  for 
studs  and  beams  is  3'  S" ,  which  per- 
mits the  use  of  a  door  or  a  window 
2'  8"  wide.  The  studs  and  beams  are 
5"  in  width  on  their  faces,  though  a 
wider  or  a  narrower  unit  can  be  used 
if  desired. 

The  exposed  surface  of  the  mem- 
bers forming  the  building  can  be  of 
any  finish  desired,  either  smooth  un- 
der steel  float,  sand-finish  under  wood 
float,  or  acid-treated  as  may  be  de- 
sired. Different  methods  of  coloring 
can  also  be  used  for  facing  and  for 
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Fig.  7 — I.iitim.  1  i.;)(ju  Bi;a.ms  Ixju  I'lace 
ox  St.  Johns  Work 

Fig.  8 — Ceiuxg  Slabs  in  Place 

Joints  arc  shown  where  false  beams  are 
cast  to  give  paneled  ceiling — necessary  to 
cover  lip  the  joints  between  ceiling  slabs 

Fig.  9 — Sill  Coiksks  and  I'loor  and  Ceil- 
i.vG  Slabs  Clrixg 

exposing  the  aggregates.  The  .stand- 
ard method  of"  finish,  however,  i.s 
smooth  for  panels  and  interior  work; 
wood  float  for  studs,  sill  eourses,  etc., 
on  the  exterior. 

The  concrete  forming  the  ex))osed 
•walls  is  waterproofed  hy  introduc- 
ing 5%  of  hj'drated  lime  into  the  con- 
crete, and  further  waterproofed  by 
treating  the  entire  exterior  .surface 
of  the  building  with  Cabot's  cement 
stain.^  tinted  in  colors  as  desired.  The 


^Samuel  Cabot.   Inc.,  Boston 


interior  of  the  building  is  finished 
with  washable  wall  coatings. 

A  fire-place  of  brick  with  tile 
hearth  may  be  used  if  desired,  in- 
stead of  concrete  mantels. 

This  description  applies  to  the 
standard  Simpson-Craft  construc- 
tion, producing  panel  construction  on 
both  the  exterior  and  the  interior  of 
tlie  building.  This  may  be  varied, 
however,  by  the  use  of  flat  surface 
for  both  exterior  and  interior  treat- 
ment of  walls.  For  exterior  walls 
the  outside  surfaces  of  wall  slabs, 
belt  and  sill  courses  are  cast  very 
rough  on  the  portions  desired  to  be 
flat,  and  after  the  building  is  erected 
are  covered  with  a  coat  of  stucco. 
For  the  interior  surface  the  walls  and 
surfaces  may  be  finished  by  either  of 
two  methods:  First,  forming  the  in- 
terior surface  of  the  pre-cast  mem- 
bers rough  and  covering  with  a  coat 
of  white  plaster;  Second,  by  furring 
off  the  inside  of  the  walls  and  ceil- 
ings with  stiffened  metal  lath  attach- 
ed by  wire  "hairpins"  previously 
built  into  the  studs  and  plastered  in 
the  ordinary  manner,  securing  to  the 
metal  lath  any  nailing  strips  desired 
for  the  trim. 

In  the  standard  construction,  pro- 
vision is  made  for  hanging  pic- 
tures by  building  in  a  strip  of  folded 
metal  forming  a  groove  into  which 
the  picture  hooks  may  be  placed. 
Where  wood  frames  are  used  for 
windows  they  are  set  and  built  in  as 
the  construction  proceeds. 
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Door  frames  may  be  secured  either 
by  dove-tail  blocks  built  into  the 
studs  when  cast  or  by  expansion  bolts, 
and  all  openings  for  heating  and 
plumbing  pipes  are  formed  in  the 
sections  during  casting.  The  gas 
pipes  and  electric  conduits  are  laid 
on  top  of  tlie  floor  slabs  before  the 
finished  floor  is  laid  or  placed  in 
studs  for  side  lights  before  these  are 
east. 

The  wood  used  in  these  buildings 
is  confined  to  the  finished  floors,  doors 
and  windows,  though  steel  sash  may 
be  used  to  deplace  the  latter. 

This  construction  is  intended  to 
compete  with  wood  frame. 


After  the  broken  stone  and  sand 
are  delivered  at  the  site,  keep  them 
in  separate  piles  and  do  not  allow 
dirt  from  wagon  wheels  to  mingle 
with  the  aggregates. 


Slaty  or  shaly  rocks  are  not  good 
material  for  concrete  aggregate  and 
should  be  avoided. 
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Fig.  10 — Details  of  Construction'  Units  and  the  Way  They  Are   .\ssembled 
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Fig.  I^Reinforced  Concrete  Buildixgs  of  the  Edison  Factory,  West  Orange,  N.  J.     Survivors  of  the  Dec.  9  Fire. 
AND  Other  Types  of  Structures  in  Foreground 


Debris 


The  Fire -Resisting  Qualities  of  Concrete  Buildings 
at  the  Edison  Factory,  West  Orange,  N.  J. 


One  of  the  most  disastrous  fires 
that  ever  occurred  in  a  manufactur- 
ing plant  destroyed  a  large  part  of 
the  plant  of  Thomas  A.  Edison,  Inc., 
at  West  Orange,  N.  J.,  on  the  even- 
ing of  Dec.  9,  1914.  The  quick  col- 
lapse of  ordinary  window  glass  in 
wooden  sashes  made  openings  every- 
where and  the  fire  swept  unrestrained 
through  about  14  buildings,  with  an 
estimate  of  property  loss  at  about 
$2,000,000.  Fig.  1  shows  a  partial 
view  of  the  ruins  of  the  Edison  plant. 

THE  FIRE 

The  fire  started  at  about  5  :20  p.m. 
in  the  film  inspection  department,  a 
one-story,  sheet  iron  structure,  locat- 
ed about  the  center  of  the  plant  as 
shown  in  Fig.  2,  and  rapidly  spread 
to  the  immediately  adj  acent  low  brick 
shops  and  storage  houses.  The  con- 
tents of  these  proved  such  effective 
fuel  that  the  fire  soon  spread  into 
and  through  the  reinforced  concrete 
buildings  which  contained  wood  used 
in  the  manufacture  of  cabinets,  cellu- 
loid for  films  and  wax  for  phono- 
graph records,  chemical  supplies, 
phonograph  disks  and  cylinders, 
packing  boxes  and  other  material  of 
highly  inflammable  chjjracter. 

The  fire  very  seriously  damaged  1 1 
buildings  and  burned  over  an  area  of 
nearly  six  acres  in  which  these  and 
other  buildings  were  located.  It  was 
confined,  however,  to  a  city  block  as 
shown  by  the  plan  in  Fig.  2 ;  this  is 
only  a  part  of  the  plant,  there  be- 
ing five  other  buildings  north  of 
Alden  St.,  and  a  storage  battery 
building  south  of  Lakeside  Ave. 

The  inadequacy  of  the  800-gal.  per 
min.  well  on  the  premises  and  that  of 
several  6-in.  pipe  lines  leading  from 
a  single  8-in.  main  of  the  West  Or- 
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ange  water  supply  system  were  the 
principal  reasons  that  may  be  as- 
signed for  the  extent  of  the  disaster 
and  the  rapidity  of  the  progress  of 
the  fire.  The  forced  cutting  off  at 
the  power  house  of  the  current  for 
the  pump-motor  soon  put  the  well 
supply  out  of  commission.  Streams 
from  the  West  Orange  supply  were 
not  equal  to  the  emergency  and  only 
with  difficulty  were  the  groups  of 
buildings  at  either  end  saved. 

Automatic  sprinklers  were  lacking 
where  they  should  have  been  in- 
stalled, and  none  of  the  buildings 
was  equipped  with  wire-glass  win- 
dows in  metal  frames. 

EFFECT   OF    FIRE    ON    CONCRETE 
BUILDINGS 

The  seven  concrete  buildings  (va- 
rying in  height  from  four  stories  to 


seven  stories)  attacked  still  stand, 
while  many  of  the  buildings  were 
of  a  type  of  construction  that  made 
their  destruction  easy  for  the  flames. 
The  view  in  Fig.  1,  overlooking  the 
site  of  the  initial  fire,  shows  the  com- 
plete destruction  wrought.  The 
buildings  of  brick  and  steel  complete- 
ly collapsed,  resulting  in  a  twisted 
mass  of  ruins,  and  the  effect  of  the 
fire  on  these  structures  has  nothing 
of  novelty. 

The  concrete  buildings,  on  the  oth- 
er hand,  tell  with  clearness  the  in- 
teresting story  of  the  Edison  fire. 
With  the  exception  of  certain  sections 
in  the  phonograph  record  depart- 
ment and  the  assembly  department, 
(see  Fig.  2),  the  buildings  appear 
to  be  in  good  condition,  although  the 
fire  readily  broke  through  the  glass 
windows  and,  aided  by  the  inflam- 
mable contents  and  wooden  trim, 
soon  destroyed  everything  except  the 
concrete  frame. 

So  hot  was  the  fire  that  not  only 
were  the  wooden  floors  (supported 
on  wooden  sleepers  embedded  in  the 
concrete)  entirely  consumed,  but  no 
evidence  of  the  sleepers  or  strips  re- 


FiG.  2 — Plan  Showing  Location  and  Type  of  Buildings  Attacked  by'  Fire  at  the 
Edison  Factory',  West  Orange,  N.  J. 

Cross-Hatchings  indicate  the  extent  of  the  destruction  wrought  by  the  fire  of  Dec.  9, 
1914.  The  fire  started  from  the  point  marked  by  a  cross  which  is  located  almost 
exactly  in  the  center  of  the  group  of  buildings 
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main  other  than  the  grooves  in  the 
concrete  and  the  nails  which  held 
the  floor  down.  In  spite  of  this  heat 
the  concrete  slabs  in  almost  all  cases 
are  in  perfect  condition. 

Cracks  close  together  are  found 
across  the  bottoms  of  beams  where 
the  fire  was  hottest,  being  especially 
noticeable  in  the  phonograph  and 
record  department,  where  also  the 
cracks  between  floor-beams  and  the 
under  side  of  floor-slabs  are  easily 
seen,  being  expected  from  the  fact 
that  the  beams  and  slabs  were  not 
poured  at  the  same  time. 

The  heat  in  the  first  floor  of  the 
assembly  building  was  so  intense,  due 
to  a  large  stock  of  phonograph  rec- 
ords and  crated  phonographs  await- 
ing shipment,  that  it  caused  the  con- 
crete columns  to  become  almost  a 
pure  white  (as  contrasted  with  the 
discoloration  and  blackening  else- 
where), the  soot  ordinarily  deposited 
being  consumed.  Throwing  water 
on  this  floor  at  the  height  of  the  fire, 
caused  some  of  the  columns  to  spall 
and  buckle  badly  as  shown  in  Fig.  3, 
IY2"  being  the  usual  depth  of  spall- 
ing.  Longitudinal  cracks  are  also 
found  on  many  of  the  columns.  The 
concrete  in  the  upper  floors  is  in  good 
condition. 

The  straight-rodded  reinforced 
concrete  column,  consisting  of  four 
vertical  bars  only,  without  horizontal 
ties  or  hooping,  was  inadequate  to 
prevent  shearing  failure  in  some  in- 
stances, thus  causing  the  columns  to 
buckle  and  break  in  an  unprecedent- 
ed manner.  Such  columns  are  dan- 
gerous in  a  hot  fire. 
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Fig,    3 — Conuitiox    of    Columns,    First 
Floor,  AssEMnLY  Building 


Fig.  4 — ^A  Conspicuous  Example  of  the  Fire-Resisting  Properties  of  a  Reinforced 
Concrete  Building 

This  building  contained  a  large  quantity  of  the  wax  used  for  cylinder  records  and 
was  subjected  to  intense  heat.  Surrounding  it  is  the  tangled  wreckage  of  adjacent 
buildings  entirely  destroyed  by  the  fire 


The  two  upper  stories  of  one  of  the 
five-story  buildings  collapsed,  indi- 
cated in  Fig.  2,  because  of  a  heavy 
overload  of  machinery  and  castings. 
When  the  water  was  applied  to  the 
hot  columns,  they  did  not  have 
strength  enough  to  hold  up  the  load. 
The  lower  floors,  however,  took  care 
of  the  extra  load  and  the  shock  of 
the  falling  material. 

EFFECT    OF    WATER 

The  impervious  concrete  floors  af- 
forded protection  to  the  contents  of 
separate  departments  or  floors,  it  be- 
ing difficult  to  find  even  damp  spots 
on  the  ceilings  or  under  parts  of  the 
floors  subjected  to  the  hottest  fire  and 
the  greatest  amount  of  water. 

CONCLUSIONS 

Considering  the  fact  that  these 
buildings  were  among  the  first  of  the 
reinforced  concrete  buildings  built  in 
this  country  (from  5  yrs.  to  7  yrs. 
ago),  and  before  the  time  that  rein- 
forcing was  as  well  understood  as  it 
is  today,  we  quite  agree  with  Mr. 
Edison  that  the  results  of  the  fire  are 
"a  triumph  for  concrete,"  as  it  is 
hard  to  imagine  any  fire  where  the 
heat  would  be  more  intense,  due  to 
the  inflammable  character  of  the  ma- 
terials. 

The  report  of  three  specialists 
shows  that  about  87.5%  of  the  con- 
crete buildings  are  in  good  condition. 
Xot  a  concrete  building  need  be  en- 
tirely demolished. 

Another  interesting  fact  is  that 
in  the  concrete  buildings  the  salvage 
of  the  machinery  is  about  85%  and 
a  great  deal  of  it  will  need  very  slight 


repairs  to  put  it  in  operation.  In 
fact,  some  of  it  is  already  in  opera- 
tion. 


Concrete  mixers  must  be  kept 
clean.  Before  stopping  at  the  noon 
hour  the  mixer  should  be  thoroughly 
washed  out,  and  again  at  night. 


Hemlock  when  used  for  form  work 
is  liable  to  split  in  nailing  and  to 
curl  on  account  of  the  moisture  from 
the  wet  concrete. 


Concrete  columns  should  be  poured 
from  the  center,  the  operation  being 
continuous  from  the  base  to  the  un- 
der side  of  supported  beam  or  guide. 


Vaulted  roofs  should  be  laid  in  al- 
ternate squares,  the  lines  of  division 
being  through  the  crown  of  the 
groined  arches. 


When  concrete  surfaces  are  dis- 
colored as  a  result  of  smoke,  soot  and 
similar  impurities,  it  is  sometimes 
possible  to  remove  the  accumulation 
by  applying  naphtha.  If  this  fails, 
a  light  application  of  sand-blast  will 
entirely  remove  the  discolored  sur- 
face. 
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Field  Methods  in  Concrete  Construction — A  Con- 
sideration of  Materials 

By  Jerome  Cochran,  C.  E. 


Although  concrete  is  today  used  to 
advantage  in  several  hundred  differ- 
ent commercial  forms,  ranging  from 
great  engineering  structures,  con- 
taining thousands  of  cubic  yards  of 
material,  to  a  fence  post  containing 
only  a  very  small  fraction  of  a  cubic 
yard,  it  is  somewhat  difficult  to  find 
in  print  a  series  of  rules  and  direc- 
tions relating  to  field  methods  in  con- 
crete rvork.  It  is  generally  assumed 
by  writers  that  standards  or  methods 
of  construction  in  this  class  of  work 
have  been  long  ago  established  and 


have  become  common  knowledge.  The 
series  of  articles,  of  which  this  is  the 
first,  has  been  planned  in  opposition 
to  this  assumption.  The  articles  will 
describe  current  practice  in  concrete 
construction  from  the  contractor's 
viewpoint.  This  first  article  relates 
to  concrete  materials.  It  will  be  fol- 
lowed by  articles  on  the  proportion- 
ing and  mixing  of  concrete;  forms 
and  centering;  steel  reinforcement; 
transporting  and  placing  of  concrete; 
finishing  concrete  surfaces;  and  wa- 
terproofing concrete  work. 


Careful  inspection  of  cement 
should  not  be  considered  purely  as  an 
additional  refinement  in  connection 
with  concrete  construction,  but  as  an 
absolute  necessity,  even  though  there 
be  a  tendency  among  cement  manu- 
facturers to  improve  the  quality  of 
their  material. 

Sacks  or  barrels  should  be  plainly 
marked  with  the  brand  or  trade-mark 
of  the  manufacturer  of  the  cement. 
Reject  packages  containing  a  large 
portion  of  lumps. 

Weather-proof  store  houses,  with 
floors  raised  above  the  ground,  should 
be  sufficiently  large  to  permit  easy 
access  to  the  different  lots  of  cement 
for  proper  inspection,  sampling  and 
identification,  the  date  of  receipt  be- 
ing plainly  indicated.  Storage  of 
cement  in  the  open  should  be  limited 
to  small  quantities  to  be  used  immed- 
iately in  the  work,  planking  and  tar- 
paulins being  used  as  protection 
against  wet  ground  and  showers. 

If  the  cement  becomes  lumpy  be- 
fore being  used,  it  should  be  thor- 
oughly pulverized,  care  being  taken 
to  pick  out  all  lumps  that  cannot  be 
broken  up  with  a  light  blow  of  the 
shovel. 

The  selection  of  the  sample  of  ce- 
ment for  testing,  the  number  of  pack- 
ages sampled  and  the  quantity  taken 
from  each  package  are  usually  left 
to  the  discretion  of  the  engineer.  Ce- 
ment in  sacks  should  be  sampled 
from  the  surface  to  center.  If  in  bar- 
rels, it  may  be  sampled*  through  a 
hole  made  in  the  center  of  one  of  the 
staves,  midway  between  the  heads,  or 
in  the  head,  by  means  of  an  auger  or 
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a  sampling  iron  similar  to  that  used 
by  inspectors  of  flour  or  sugar. 

Pats  and  balls  of  neat  cement,  and 
of  cement  mixed  with  sand,  should 
be  made  from  time  to  time  in  order 
to  be  certain  that  the  cement  going 
into  the  work  is  uniform  in  character. 
The  setting  or  hardening  qualities 
may  be  determined  roughly  by  esti- 
mating time  and  by  pressure  of  the 
thumb-nail.  The  test  for  hardness 
of  the  set  and  strength  is  made  by 
cracking  the  hardened  pats  or  cakes 
between  the  fingers,  and  by  dropping 
the  balls  from  the  height  of  the  arm 
upon  some  hard  substance  and  ob- 
serving the  result  of  the  impact. 
Some  idea  of  the  character  of  the 
material, — whether  hydraulic  ce- 
ment, Portland,  Natural  or  Puzzolan, 
whether  too  fresh  or  possibly 
"blown,"  may  be  speedily  and  quite 
well  ascertained  by  observing  the 
character  and  color  of  the  fracture 
of  the  hardened  pats  after  sufficient 
immersion  in  water  raised  to  the  boil- 
ing point  for  a  few  hours. 

FINE    AND    COARSE    AGGREGATES 

It  is  to  be  regretted  that  contrac- 
tors have  not  more  generally  ac- 
quainted themselves  with  the  value  of 
various  aggregates,  as  regards  their 
adaption  for  use  in  concrete  work. 
While  the  selection  is  ordinarily  gov- 
erned by  the  materials  obtainable  in 
the  locality,  careful  consideration 
should  be  given  to  the  character  of 
the  work  and  the  desired  qualities  in 
the  finished  construction. 

Material  direct  from  the  crusher  or 
bank  may  be  used  without  screening 
and  subsequent  mixing,  provided  it  is 


suitable  for  the  purpose  as  regards 
gradation,  cleanliness,  etc. 

Tiie  washing  of  aggregate  for 
small  jobs  may  be  done  in  almost  any 
type  of  batch  mixer  by  simply  revolv- 
ing the  mixer  and  letting  the  hose 
play  inside  without  stopping.  The 
mixer  in  overflowing  carries  off"  the 
foreign  matter  in  the  water.  For 
larger  jobs,  however,  other  arrange- 
ments should  be  made. 

It  is  especially  necessary  to  pro- 
vide platforms  in  important  street 
pavement  work  for  sand,  gravel  or 
broken  stone.  If  deposited  upon  the 
earth,  difficulty  will  be  experienced 
in  avoiding  taking  up  earth  and  mud 
with  the  materials. 

SAND    AND   STONE    SCREENINGS 

Fine  aggregate,  consisting  of  sand, 
crushed  stone  or  gravel  screenings, 
should  show  no  indications  of  chemi- 
cal decay.  Sea-sand  should  be  freed 
from  salt  by  washing,  or  the  concrete 
will  effloresce. 

Preference  should  generally  be 
given  to  the  round  grained  sand,  as  it 
packs  more  closely,  aff'ords  no  oppor- 
tunity for  bridging  and  gives  mini- 
mum percentage  of  voids. 

The  sand  should  consist  of  a  mix- 
ture of  coarse  and  fine  grains  with 
the  coarse  grains  predominating,  the 
largest  grains  when  dry  passing  a 
screen  of  y^-'iri.  mesh. 

The  sand  must  be  free  from  quick- 
sand, clay,  loam,  mica,  sticks,  organic 
matter  and  other  impurities.  A  rough 
field  test  for  percentage  of  loam  is  to 
rub  the  damp  sand  between  the  palms 
of  the  hands,  and  then  see  how  much 
loam  can  be  scraped  off.  Pxt  a 
handful  on  a  piece  of  glass  or  a 
piece  of  clean  writing  paper  and 
place  it  in  the  sun,  or  near  a  heater 
to  dry.  White  paper  is  best,  for  that 
can  be  rolled  back  and  forth,  and 
leave  the  fine  loam  on  the  edge.  A 
more  accurate  method  is  to  put  a 
sample  of  the  sand  in  a  bottle,  fill  it 
with  water  nearly  to  the  top,  then 
shake  the  bottle  thoroughly.  The 
sand  will  settle  to  the  bottom  with 
the  dirt  on  top  of  it  when  the  mix- 
ture is  allowed  to  settle.  The  amount 
of  dirt  can  be  measured  approximate- 

Sand  showing  signs  of  disintegra- 
tion, or  containing  over  5%  of  mica, 
laminated  particles  or  loam,  should 
generally  be  rejected.  Sand  that  has 
come  in  contact  with  alkali  solutions 
or  that  will  not  absorb  water  should 
be  avoided.  Sand  containing  over 
45%  of  voids  should  not  be  used  to 
make  mortars.  Sands  producing 
mortars  having  a  strength  of  less 
than  70%  of  standard  Ottawa  sand^ 


^This  sand  may  be  obtained  from  the  Ot- 
tawa Silica  Co..  at  a  cost  of  about  2  cts.  per 
lb.,    f.   o.    b.   cars,    Ottawa,    111. 
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and  mortar  (1 :3)  should  be  rejected. 

GRAVEL 

The  term  "gravel"  is  sometimes 
used  as  meaning  a  mixture  of  coarse 
pebbles  and  sand,  and  sometimes  as 
meaning  pebbles  without  sand.  The 
first  definition  is  the  more  logical, 
and  also  the  more  common,  and  will 
be  used  in  this  series  of  articles. 

The  same  general  statements  re- 
garding the  proper  selection  of  a 
good  grade  of  sand  will  apply  to 
gravel,  except  that  sand  is  in  a  sense 
more  important  than  gravel. 

Gravel  may  contain  particles  of 
soft,  friable  material  which  will  ser- 
iously reduce  the  strength  of  the  con- 
crete. In  some  localities,  particular- 
ly in  the  foot-hills  of  the  Appala- 
chian and  the  Ozark  mountains,  a 
material,  locally  called  gravel,  com- 
posed of  angular  fragments  of  schist, 
is  found  in  the  stream  beds ;  but  such 
material  is  said  to  be  unsuitable  for 
concrete,  since  it  is  checked  and  is 
easily  broken. 

In  reinforced  concrete  members, 
such  as  columns,  beams,  slabs,  etc., 
the  gravel  should  be  of  varying  sizes 
wherein  the  sizes  of  the  pebbles 
range  downward  from  1"  to  %", 
preferably  not  over  %"  as  a  maxi- 
mum in  many  cases.  In  members  of 
larger  proportions  ll/4-in.  gravel  may 
be  used  and  in  massive  work  2-in.  or 
gl/o-in.  gravel.  The  proportions  of 
sizes  should  be  such  that  there  is  ap- 
proximately 50%  of  each  size  with 
reference  to  the  next  largest. 

Gravel  should  be  watched  very 
carefully  for  foreign  materials,  such 
as  lumps  of  clay  from  stripping  the 
hard-pan  strata,  sticks,  decayed  mat- 
ter, etc.  So-called  yellow  gravel  is 
not  necessarily  a  sign  of  weakness,  as 
often  such"  a  surface  discoloration  is 
caused  by  leachings  from  deposits  or 
strata  of  oxide  of  iron  or  other  miner- 
als. 

Great  care  should  be  exercised  in 
using  naturally  mixed  bank  sand  and 
gravel  or  lake-run  gravel,  owing  to 
the  likelihood  of  there  being  far  too 
much  sand  for  the  gravel.  It  is  gen- 
erally far  more  satisfactory  to  screen 
the  sand  out  of  the  gravel  and  pre- 
pare the  materials  in  the  usual  way, 
the  gravel  being  screened  to  at  least 
two  sizes,  separated  by  a  ^-in. 
screen. 

Do  not  accept  slimy  gravel,  nor 
gravel  containing  many  mud  balls  or 
a  large  percentage  of  gravel  cement- 
ed with  mud.  Sliale  gravel  should 
not  be  used. 

BROKEN'    STONE 

The  term  "broken  stone"  ordinar- 
ily signifies  the  product  of  a  stone 
crusher  or  the  result  of  hand-break- 
ing  by   hammering   large   blocks   of 
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stone ;  but  tlie  term  may  also  include 
gravel. 

Many  of  the  points  mentioned  con- 
cerning the  selection  of  good  sand 
and  gravel  are  also  applicable  to 
broken  stone. 

Rocks  of  volcanic  origin  should  be 
dense,  thoroughly  vitrified,  not  sco- 
riaceous,  show  a  clean  fracture  when 
broken,  be  homogeneous  and  free 
from  cellular  structure.  Granite 
spalls  when  used  as  coarse  aggregate 
should  be  free  from  sap,  seams,  dries, 
cracks,  large  crystals  of  feldspar, 
dirt,  argillaceous  or  organic  mate- 
rials, decomposed  particles,  and  de- 
fects of  any  kind  calculated  to  impair 
its  strength,  durability  or  appear- 
ance. Limestone  should  be  dense, 
uniform  and  homogeneous  in  struc- 
ture and  with  small,  even  grains  and 
crystalline  texture.  Sandstone  should 
be  in  quality  and  freedom  from  de- 
fects fully  equal  to  limestone. 

Broken  stone  should  be  nearly  cub- 
ical in  form,  as  thin,  flat  particles 
will  not  pack  well.  The  harder  and 
touglier  the  quality  of  the  rock,  the 
less  danger  tliere  will  be  of  its  split- 
ting into  laminated  or  flaky  shapes. 
The  broken  stone  should  consist  of 
particles  of  variable  size  from  those 
of  the  size  of  the  largest  sand  (1/4") 
to  the  largest  stones  (from  %"  to 
2^/4"?  depending  upon  the  class  of 
structure  in  which  the  stone  is  to  be 
used),  so  that  the  small  pieces  may 
fill  the  voids  of  the  large  ones.  In 
order  to  avoid  separation  of  the  large 
stones  from  the  small  ones,  the  whole 
stone  pile,  as  well  as  different  de- 
liveries, should  be  well  mixed,  so  that 
diff'erent  batches  of  concrete  will  be 
as  nearly  alike  as  possible. 

Each  carload  or  wagon  load  of 
broken  stone  should  be  carefully  in- 
spected and  rejected  if  it  contains 
quarry  refuse,  stone  dust,  more  than 
1  %  of  weathered  rock,  soapstone  or 
rotten  stone,  soft  white  limestone, 
slaty  or  shaly  rocks,  etc.  The  stones 
should  not  have  incipient  cracks. 

CRUSHED  SLAG 

Only  the  best  quality  of  hot-pot 
slag,  free  from  dust  and  foreign  mat- 
ter, should  be  used.  It  should  also  be 
nearly  free  from  sulphur  or  other  in- 
jurious agents  and  must  be  hard  and 
not  spong3^  or  honey-combed.  Judg- 
ing a  slag  from  the  analysis  of  a 
small  sam))le  is  not  safe,  because  its 
composition  varies  with  changes  in 
the  operation  of  the  furnace  or  in 
the  nature  of  the  materials  being 
smelted. 

CINDERS 

Cinders  should  be  composed  of 
hard,  clean,  vitreous  clinker,  free 
from  ashes,  sulphides  and  unburned 


coal.  Those  from  anthracite  coal  are 
usually  the  best  owing  to  their  being 
harder,  generally  more  dense  and  less 
liable  to  contain  injurious  amounts 
of  sulphur. 

Large  clinkers  in  cinders  may  be 
crushed  with  a  large  flat  hammer  or 
a  flat  iron  concrete  rammer  on  a  slat 
platform  set  upon  a  couple  of  tres- 
tles about  2'  from  the  ground,  the 
platform  being  constructed  by  bolt- 
ing together  flat  bars  of  iron,  about 
1"  x  2",  separating  the  bars  about 
1"  with  spreaders,  and  a  curb  or  box 
rim  put  around  the  platform.  As  the 
clinkers  are  crushed  to  1"  or  less  in 
size,  they  fall  through  the  slats  to 
the  ground. 

MISCELLANEOUS     MATERIALS 

Crushed  shale  should  not  be  used 
in  reinforced  concrete  construction, 
as  it  frequently  contains  large  quan- 
tities of  rotten  rock  in  the  form  of 
slivers  or  splinters,  with  little  thick- 
ness and  body,  and  is  therefore  not 
suited  to  such  work.  Broken  shale  is 
open  to  the  same  objections,  though 
it  is  likely  to  be  cleaner  and  freer 
from  rotten  rock. 

Broken  bricks  should  be  from  well 
burnt  and  perfectlj'  sound  and  hard 
clay  bricks.  They  should  be  free 
from  old  mortar  and  from  dust  or 
fine  particles. 

WATER   FOR   CONCRETE 

Neither  muddy  water,  stagnant  wa- 
ter, water  impregnated  with  alkali, 
nor  water  discolored  hj  the  refuse 
from  factories,  sewers,  reduction 
works  or  the  like,  will  give  the  best 
results.  The  water  should  be  fresh, 
clean,  free  from  alkalies,  oils  and  or- 
ganic matter  in  solution  or  suspen- 
sion. 


The  use  of  cement  as  an  anti-sand 
blast  is  possibly  one  that  is  little 
known.  The  sand  blast  in  question, 
however,  is  not  that  which  is  so  fa- 
miliar to  all  of  us,  but  is  quite  of  an- 
other type.  When  locomotives  stand 
under  steel  or  iron  bridges  or  via- 
ducts, the  blast  from  the  stacks 
throw  out  gases  and  numerous  small 
particles  of  aslies  and  coal.  This 
when  continuously  projected  against 
the  overhead  iron  or  steel  gradually 
causes  its  disintegration.  "When  all 
remedies  fail,  try  cement,"  and  in 
this  case  cement  was  tried  and  not 
found  wanting  and  now  it  is  common 
practice  for  railroads  to  cover  the 
bottoms  of  their  bridges  with  wire 
netting  or  metal  lath  covered  with  a 
coating  of  sand  and  cement  which  it 
has  been  found  resists  perfectly  the 
attack  of  the  gases  and  also  the  sand 
blast  coming  from  the  locomotives. 
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Design  Methods  in  Concrete  Construction  —  Ana 
lytical  Statics  of  Simple  Beams 


Bv  Jerome  Cochran,  C.  E. 


There  has  been  assumed,  in  the 
preparation  of  this  series  of  articles 
on  reinforced  concrete  design,  a 
working  knowledge  of  algebra,  ge- 
ometry and  trigonometry  on  the  part 
of  the  reader.  The  higher  mathema- 
tics will  be  eliminated,  as  far  as  it 
is  practicable,  from  the  work.  Meth- 
ods of  designing  will  be  set  forth 
and  illustrations  of  designs  given  that 
represent  the  best  modern  practice  in 
each  case.  No  attempt  will  be  made 
to  develop  new  formulas  or  to  orig- 
inate new  designs.  In  fact,  the  en- 
deavor will  be  made  to  eliminate  as 
completely  as  possible,  the  "personal 


equation,"  or  personal  prejudices  of 
the  Editors,  from  the  work. 

The  present  article  will  be  devoted 
to  the  fundamental  principles  of  ana- 
lytical statics  or  equilibrium  of  forces 
as  applied  to  external  moments  for 
simple  beams,  such  as  the  principle 
of  moments,  reactions  for  supports 
and  bending  moments,  because  a  very 
thorough  understanding  of  these 
principles  is  an  essential  preliminary 
to  scientific  reinforced  concrete  de- 
signing. The  next  article  will  con- 
sider these  principles  from  a  graphic 
standpoint. 


FORCES   IN   GENERAL 

Mechanics  is  the  science  that  treats 
of  forces  and  of  their  effects.  A  few 
elementary  definitions  relating  to 
forces  are  given  below.  For  more 
advanced  study,  the  reader  is  re- 
ferred to  Merriman's  books,  on  Ele- 
ments of  Mechanics,  which  contains 
40  lessons  for  beginners  in  engineer- 
ing, and  Strength  of  Materials,  which 
is  the  standard  text-book  for  manual 
training  schools.  He  is  also  re- 
ferred to  the  Text-book  of  Mechan- 
ics, Vol.  1 — Statics,  by  Martin. 
These  works  will  be  found  of  consid- 
erable assistance  to  those  taking  up 
the  subject  of  mechanics  for  the  first 
time. 

Force  has  both  magnitude  and  di- 
rection and  may  act  as  pressure, 
a  push,  or  as  tension,  a  pull.  These 
applied  forces  of  pressure  and  ten- 
sion will  cause  the  body  to  move  if 
they  are  sufficient  to  overcome  the 
resisting  forces. 

Force  magnitude  is  usually  ex- 
pressed in  pounds,  numerals  or  let- 
ters being  used  in  algebraic  work  to 
express  this  magnitude.  The  single 
capital  letters  P^,  P2,  Ri,  R2)  etc.,, 
are  used  both  as  general  designations 
of  forces  and  also  as  the  magnitudes 
of  these  forces  when  the  magnitudes 
are  not  given  numerically.  In  graph- 
ical work  more  elaborate  designations 
are  needed,  which  will  be  explained 
in  the  next  article. 

It  is  usually  customary  to  consider 
magnitude  as  being  positive;  for  in- 
stance, if  in  solving  an  equation  the 
value  of  a  magnitude  appears  to  be 
negative  it  is  to  be  understood  never- 
theless that  the   force  is  positive  as 
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usual,  but  that  its  sense  is  opposite 
to  that  assumed  in  stating  the  equa- 
tion. 

Components  of  a  single  force  are 
the  forces  that  might  be  substituted 
for  it  without  changing  the  effect. 

Forces  acting  upon  a  body  are  said 
to  be  in  equilibrium  when  they  are  so 
arranged  in  magnitude  and  direction 
that  the  body  remains  at  rest.  In 
other  words,  equilibrium  is  that  con- 
dition of  a  set  of  two  or  more  forces, 
the  result  of  which  is  that  their  com- 
bined effort  on  a  body  produces  no 
change  in  the  body  with  respect  to 
rest  or  motion,  conditions  of  rest  be- 
ing considered  conditions  of  equilib- 
rium. 

Concurrent  forces  acting  on  a  body 
are  those  that  have  the  same  point  of 
application  or  the  lines  of  direction 
all  meet  at  the  same  point.  The 
fundamental  principles  of  concurrent 
forces  are  fully  set  forth  in  the 
above  mentioned  books,  and  it  would 
require  considerable  space  to  explain 
them  in  detail  in  the  present  article. 

Resultant  of  a  system  of  current 
forces  is  a  single  force  that  might  be 
substituted  for  them  without  chang- 
ing the  effect.  If  this  resultant  is  0, 
the  forces  are  in  equilibrium  and  the 
body  remains  at  rest;  if  a  resultant 
force  exists  the  body  moves  in  the 
direction  of  that  resultant. 

An  single  force,  the  addition  of 
which  to  a  set  of  forces  produces 
equilibrium,  is  called  the  equilibrant 
of  that  set  of  forces.  In  other  words, 
the  equilibrant  of  a  system  of  forces 
is  a  single  force  that  balances  them. 
The  equilibrant  is  equal  and  oppo- 
site to  the   resultant.      Of   a   set  of 


forces  in  equilibrium  any  one  of  them 
is  the  equilibrant  of  all  the  rest.  The 
operation  of  finding  the  resultant  or 
equilibrant  of  a  set  of  forces  is 
called  composition  of  forces. 

Parallelogram  of  forces — If  three 
forces  acting  on  a  particle  are  in 
equilibrium  they  can  be  represented 
in  direction  and  magnitude  by  a  diag- 
onal and  the  sides  of  a  parallelogram. 
The  "parallelogram  of  forces"  is  the 
name  given  to  the  fundamental  prin- 
ciples   of    these    graphic    operations. 

Non-concurrent  forces  have  differ- 
ent points  of  application  and  the  con- 
ditions of  oquilibrium  for  concurrent 
forces  are  not  sufficient,  since  they 
might  be  fulfilled  and  rotation  stiU 
result. 

THE     PRINCIPLE     OF     MOMENTS 

The  moment  of  force  about  a  point 
or  axis  is  the  product  obtained  by 
multiplying  the  magnitude  of  the 
force  by  the  shortest  distance  from 
the  point  or  axis  to  the  line  of  action 
of  the  force.  Thus  in  Fig.  1,  if  P 
be  any  force  and  p  the  length  of  a 
perpendicular  drawn  to  it  from  any 
point,  the  product  Pp  is  the  moment 
of  the  force  with  respect  to  that 
point.      In   other  words,  Moment   =■ 


Figs.  1,  2  axd  3 — Sketches  Illusthatino 
THE  Principle  of  Moments  and  Re- 
actions OF  Supports  as  Applied  to  Sim- 
ple  Beams 

Force  X  Perpendicular.  As  P  is  in 
pounds  and  p  is  in  feet  or  inches,  the 
moment  has  a  compound  quantity 
which  is  called  pounds-feet  or 
pounds-inches. 

The  word  moment  is  here  used  in 
its  old-fashioned  sense  of  importance 
or  influence;  so  that  the  moment  of 
a  force  with  reference  to  a  point 
means  its  influence  in  producing  rota- 
tion about  this  point.  In  all  investi- 
gations regarding  the  strength  of 
beams   the   principle   of   moments   is 
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of  constant  application  and  it  will 
be  well  for  the  reader  to  bear  in 
mind  the  importance  of  the  subject. 

In  order  to  explain  the  matter  fur- 
ther, a  beam  is  considered  as  a  body 
held  in  equilibrium  by  the  downward 
loads  and  the  upward  pressures  of 
the  support,  as  shown  in  Fig.  2.  As 
the  beam  is  at  rest  these  forces  are 
in  equilibrium,  and  the  algebraic  sum 
of  their  moments  is  zero  about  any 
point  in  the  plane.  This  principle 
results  from  the  meaning  of  the  word 
"equilibrium"  which  implies  that  the 
body  on  which  the  forces  act  is  at 
rest;  and  since  it  is  at  rest  the  forces 
taken  collectively  have  no  tendency 
to  turn  it  around  any  point. 

The  point  0  from  which  the  per- 
pendicular is  drawn  in  Fig.  1,  is 
called  the  origin  of  moments  and 
may  be  chosen  arbitrarily.  This 
point  is  also  sometimes  referred  to 
as  the  center  of  moments,  or,  more 
briefly,  the  center. 

Reference  is  sometimes  made  to  an 
axis  instead  of  to  a  point  when  ex- 
pressing the  moment  of  a  force, 
meaning  thereby  the  axis  of  the  con- 
ceived rotation.  Such  an  axis  is  con- 
sidered as  a  straight  line  passing 
through  the  center  normal  to  the 
plant  of  the  forces  and  its  arm.  The 
moment  with  respect  to  this  axis  is 
also  spoken  of  as  the  moment  with 
respect  to  the  plane  which  contains 
this  axis  and  is  parallel  to  the  forces. 

The  algebraic  sign  of  a  moment 
is  considered  positive  if  it  tends  to 
turn  the  system  in  the  same  direc- 
tion in  which  the  hands  of  a  watch 
rotate,  and  negative  if  in  the  opposite 
direction.  This  assumption,  however, 
is  purely  arbitrary. 

REACTIONS   OF    SUPPORTS 

Let  a  simple  beam  resting  on  two 
supports  near  its  ends  be  subjected  to 
a  load  P  situated  at  S'  from  the  left 
support,  and  let  the  span  be  12',  as 
shown  in  Fig.  2.  Taking  the  center 
of  moments  at  the  right  support,  the 
lever  arm  of  Ri  is  12',  that  of  P  is 
9',  and  that  of  R2  is  0;  then  by  the 
application  of  the  principle  of  mo- 
ments Ri  X  12  —  P  X  9  =  0,  or 
Ri  ^  %P-  Again,  taking  the  cen- 
ter of  moments  at  the  left  support 
the  lever-arm  of  R^  is  0,  that  of  P  is 
3',  and  that  of  R2  is  12';  then  like- 
wise from  the  principle  of  moments 
— R2  X  12  +  P  X  3  =  0,  or  R2 
=  ^/4P-  The  sum  of  these  two  re- 
actions is  equal  to  P,  as  should  of 
course  be  the  case. 

Tlie  reactions  caused  by  the  weight 
of  the  beam  itself  may  be  found  in  a 
similar  manner,  the  uniform  load  be- 
ing supposed  to  be  concentrated  at 
its  center  of  gravity  in  stating  the 
equations  of  moments.  Thus,  if  the 
weight  of  the  beam  be   W,  the  two 


/ye^_  ^ 


Figs.  4  and  5 — Sketches  Illustrating 
THE  Principle  of  Bending  Moments  as 
Applied  to  Simple   Beams 


equations  of  moments  are  found  to 
be  Ri   X   12  —  W   X   6  =  0,  and 

—  R2  X  12  -f  W  X  6  =  0,  from 
which  Ri  =  y2W  and  R2  =  ^W. 

The  reactions  due  to  both  uniform 
and  concentrated  loads  on  a  simple 
beam  may  also  be  computed  in  one 
operation.  As  an  example,  let  there . 
be  a  simple  beam  24'  long  between 
the  supports  and  weighing  300  lbs. 
per  lin.  ft.,  its  total  weight  being 
7,200  lbs.  (see  Fig.  3).  Let  there 
be  three  loads  of  1,200  lbs.,  2,400 
lbs.  and  3,600  lbs.  placed  6',  .10'  and 
16'  respectively  from  the  left  sup- 
port. To  find  the  left  reaction  Ri, 
the  center  of  moments  is  taken  at  the 
right  support  and  the  weight  of  the 
beam  regarded  as  concentrated  at 
its  middle ;  then  the  equation  of  mo- 
ments is   Ri    X    24  —  7,200    X    12 

—  1,200  X  18  —  2,400  X  l^*  — 
3,600  X  8  =  0,  from  which  Ri  = 
7,100  lbs.  In  like  manner,  to  find  R2, 
the  center  of  moments  is  taken  at  the 
left  support,  and  then  —  R2  X  24 
-f  7,200  X  12  +  1,200  X  6  -f 
2,400  X  10  -f  3,600  X  16,  from 
which  R2  =  7,300  lbs.  As  a  check 
the  sum  of  Ri  and  Ro  is  found  to 
be  14,400  lbs.,  which  equals  the 
weight  of  the  beam  and  the  three 
loads. 

BENDING    MOMENTS 

The  "bending  moment"  at  any 
section  of  a  beam  is  the  algebraic 
sum  of  the  moments  of  all  the  ver- 
tical forces  on  the  left  of  that  sec- 
tion. It  is  a  measure  of  the  ten- 
dency of  these  forces  to  cause  rota- 
tion around  that  point.  At  the  ends 
of  a  simple  beam  there  are  no  bend- 
ing moments,  but  at  all  other  sections 
they  exist,  and  the  greater  the  bend- 
ing moment  the  greater  are  the  hori- 
zontal   stresses    in    the    beam,    these 


stresses   in   fact   being   produced   by 
the  bending  moment. 

For  example,  let  a  beam  20'  long 
have  three  loads  of  2,000  lbs.  each, 
situated  at  distances  of  6',  9'  and 
16'  from  the  left  support  (see  Fig. 
4).  By  the  method  explained  above 
the  left  reaction  Ri  is  2,900  lbs.  and 
the  right  R2  is  3,100  lbs.  For  a  sec- 
tion 3'  from  the  left  support  the 
bending  moment  is  2,900  X  3  = 
8,700  lbs. -ft.,  and  for  a  section  at 
6'  from  the  left  support  the  bend- 
ing moment  is  2,900  X  5  =  14,500 
lbs. -ft.  For  a  section  8'  from  the 
left  support  there  are  two  vertical 
forces  on  the  left  of  the  section, 
2,900  lbs.  acting  up  and  2,000  lbs. 
acting  down,  so  that  the  bending 
moment  is  2,900  X  8  —  2,000  X  2 
=  19,200  lbs.  ft.  For  a  section  at  the 
middle  of  the  beam  the  bending  mo- 
ment is  2,900  X  10  —  2,000  X  4 
—  2,000  X  1  =  21,000  Ibs.-ft.  For 
a  section  under  the  third  load  the 
bending  moment  is,  in  like  manner, 
12,400  lbs. -ft.,  and  for  a  section  at 
2'  from  the  right  support  it  is  6,200 
lbs. -ft.  The  vertical  ordinates  under- 
neath the  beam  in  Fig.  4  represent 
the  values  of  these  bending  moments, 
and  the  diagram  thus  formed  shows 
how  the  bending  moments  vary 
throughout  the  length  of  the  beam. 

For  a  simple  beam  of  span  I  and 
uniformly  loaded  with  rv  lbs.  per  lin. 
unit,  each  reaction  is  14  ^^  (see  Fig. 
5).  For  any  section  distant  x  from 
the  left  support,  the  bending  moment 
is  1/2^^  X  -^  —  w.r  X  V-l^'  where 
the  lever-arm  of  the  reaction  is  x 
and  the  lever-arm  of  the  load  rvx  is 
1/2^:.  If  w  he  900  lbs.  per  lin.  ft. 
and  I  be  18',  the  bending  moment  at 
any  section  is  then  8,100a:  —  450*2, 
For  X  =  6',  the  bending  moment 
is  32,400  Ibs.-ft.;  for  x  =  9'  it  is 
36,450  Ibs.-ft.;  for  x  =  12'  it  is 
32,400  Ibs.-ft.,  and  so  on.  The  dia- 
gram beneath  the  beam  in  Fig.  5 
shows  the  distribution  of  moments 
throughout  the  beam,  and  it  can  be 
demonstrated  that  the  curve  joining 
the  ends  of  the  ordinates  is  the  com- 
mon parabola. 

The  bending  moments  for  any 
section  of  a  beam  loaded  both  uni- 
formly and  with  concentrated  loads 
may  be   found  in  a  similar  manner. 

The  maximum  bending  moment  in- 
dicates the  point  where  the  beam  is 
under  the  greatest  horizontal  stresses 
and  will  usually  be  found  near  the 
middle  of  the  beam  and  often  under 
one  of  the  concentrated  loads. 

Bending  moments  are  positive  for 
simple  beams  resting  on  two  supports 
at  their  ends. 

The  same  numerical  values  will  be 
found  for  the  bending  moments 
when  the  vertical  forces  on  the  right 
of  the  section  are  considered. 
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Suggestions  for  Light  Concrete  Floor  Construction 
in  the  Concrete  House 

By  Milton  Dana  Morrill* 


In  a  $600,000  residence  lately  put 
up  on  Long  Island,  N.  Y.,  the  build- 
er, a  man  of  progressive  fibre,  wish- 
ing to  give  a  better  construction  then 
was  called  for  by  the  plans,  offered 
to  put  in  a  fireproof  interior  includ- 
ing reinforced  concrete  floors  and 
partitions,  at  the  comparatively  small 
additional  cost  of  $600. 

The  owner,  however,  did  not  ap- 
preciate the  value  of  having  his  house 
fireproof,  and  did  not  accept  the  of- 
fer, and  this  fine  house  was  built,  as 
is  the  custom,  with  a  mass  of  dry 
pitch-pine  lumber  put  together  like 
a  tinder-box,  only  needing  the  small- 
est spark  to  start  the  blaze  which  in 
a  few  minutes'  time  could  destroy  not 
only  the  fine  house  with  its  priceless 
antique  furnishings,  but  might  prove 
a  great  hazard  to  the  members  of  the 
family,  who  might  be  entombed 
therein. 

This  illustrates  the  fact  that  the 
public,  as  a  rule,  does  not  today  real- 
ize in  the  smallest  way  the  worth  and 
value  of  proper  construction,  and 
"they  know  not  what  they  build." 

There  may  still  be  an  excuse  for 
frame  construction  in  the  cheapest 
and  most  temporary  dwellings  but  if 
the  home-owner  realized  the  advan- 
tage and  added  protection  offered  his 
family  through  the  use  of  a  perma- 
nent fireproof  type  of  building,  prog- 
ress would  be  much  more  rapid  and 
safe  and  sane  construction  would  be 
the  universal  order  of  the  day. 

Little  by  little  headway  is  gained 
and  masonry  and  fireproof  walls  are 

*Archt.,  Washington,  D.  C. 


taking  the  place  of  frame,  but  sight 
is  being  lost  of  the  most  vital  part  of 
the  house,  the  floor  construction. 

In  several  instances  in  concrete 
houses  the  entire  frame  interior  has 
been  gutted  by  fire,  leaving  the  walls 
standing  structurally  uninjured  and 
ready  for  rebuilding  and  re-use. 

While  this  is  a  test  which  no  other 
form  of  construction  ordinarily  out- 
lives, and  shows  reinforced  concrete 
as  the  superior  wall  construction,  it 
also  shows  that  only  so  far  as  a 
house  is  concrete  is  it  fireproof,  and 
it  shows  further  that  if  concrete  is 
good  for  walls  it  is  still  better  and 
more  valuable  for  floors  and  parti- 
tions. There  its  use  will  effectively 
block  any  general  conflagration  and 
confine  any  small  fire  to  the  floor  or 
the  apartment  of  its  origin. 

In  houses  a  much  lighter  rein- 
forced concrete  construction  can  be 
employed  than  is  used  in  other  build- 
ings. The  architect  or  builder  is 
likely  to  consider  reinforced  concrete 
from  the  masonry  standpoint  and  is, 
therefore,  inclined  toward  thick  walls 
and  heavy  beamed  floors.  But  count- 
ing inch  for  inch  of  structural  sec- 
tion, reinforced  concrete  is  a  stronger 
building  material  than  wood,  and  in 
the  average  house  spans  a  reinforced 
slab  4"  thick  is  more  than  equivalent 
to  the  floor  built  up  with  10-in.  wood 
joists,  and  the  4-in.  reinforced  parti- 
tion is  far  more  substantial  than  the 
6"  in  thickness  made  up  of  studding, 
lath  and  plaster. 

The  ideal  floor  slab  for  light  con- 
struction is  of  the  flat  or  paneled 
type,  with   a  light  basket  weave  of 


wire,  secured  and  supported  on  four 
sides,  with  just  enough  concrete  for 
stiffening.  The  strength  of  such  a 
slab  is  remarkable  and  far  in  excess 
of  the  tabulated  strength  generally 
credited  to  it.  This  was  brough  force- 
fully to  the  writer's  attention  during 
the  construction  of  the  40  concrete 
houses  in  the  Nanticoke'  group,  and 
in  the  tests  there  employed,  and 
further  in  the  eight  concrete  houses 
built  near  Montreal  by  the  Canada 
Cement  Co.,  where  4-in.  slabs  on 
12-ft.  spans  were  used,  and  wood 
sleepers,  1%"  in  depth  were  bedded 
in  these  slabs,  giving  a  structural 
slab  of  only  2%"  in  thickness;  yet 
these  thin  slabs  were  much  more  firm 
and  substantial  than  are  the  usual 
wooden  floors. 

The  average  builder  would  hesitate 
to  employ  such  construction  and 
would  question  its  stability.  But  the 
proof  is  there,  where  any  one  may 
see. 

A  suggestion  is  here  given  (see  ac- 
companying sketches)  for  a  hollow 
paneled  floor  slab  which  might  be 
used  with  considerable  advantage  in 
house  building.  It  is  intended  to  be 
constructed  over  inverted  steel  box 
forms,  so  shaped  that  they  may  be 
easily  removed  and  used  over  and 
over  again.  The  lightness  and  gen- 
eral substantial  character  of  such  a 
slab  are  apparent  and  need  little 
comment  or  description.  The  sleep- 
ers are  bedded  in  the  members,  3'  o. 
c,  forming  the  panels.  Metal  lath 
and  plaster  are  to  be  applied  on  the 
under  side  of  these  panels. 


Before  any  reinforced  concrete 
work  is  commenced  complete  plans 
should  be  prepared,  accompanied  by 
specifications,  stress  computations, 
and  descriptions  showing  the  general 
arrangements  and  all  details. 


"See  Concrete,   Feb.,   1912,  p.  40,   and  Con- 
crete-Cemf.xt  Age,  Apr.,  1913,  p.  173 
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Discussed  By  C.  W.  J.  Neville/  Emmet  A.  Steece^  and  W.  M.  Kinney^ 


"How  should  concrete  surfaces, 
left  hy  wooden  forms,  he  treated  so 
as  to  secure  a  good  key  for  interior 
plaster  on  walls  and  ceilings?" 


By  Mr.   Neville 

Anyone  who  lias  carefully  exam- 
ined the  under  surface  of  a  concrete 
slab  after  the  forms  have  been  re- 
moved and  the  concrete  has  thor- 
oughly dried  out,  will  probably  have 
noticed  a  thin,  loose  coating  of  dried- 
out  cement,  ordinary  dust  and  some- 
times smoke,  adhering  to  the  slab. 
After  having  examined  a  number  of 
cases  of  falling  plaster,  I  have  found 
in  every  case  this  film  of  dry  dust 
between  the  plaster  and  the  concrete, 
and  have  reached  the  conclusion  that 
this  and  this  alone  is  the  cause  of  the 
failure. 

Within  the  last  12  yrs.,  I  have  con- 
structed concrete  buildings,  using 
both  cinder  and  gravel  concrete  and 
have  never  had  a  single  case  of  fall- 
ing plaster.  My  instructions  to  the 
plaster  foreman  have  invariably  been 
as  follows : 

(1)  See  that  the  surface  of  the 
concrete  is  absolutely  clean..  This  or- 
dinarily may  be  accomplished  by 
washing  witli  a  hose  but  sometimes  it 
will  be  necessary  to  use  a  weak  solu- 
tion and  a  brush. 

(2)  See  that  the  surface  is  well 
darn|)ened  just  before  the  plaster  is 
applied. 

(3)  Use  only  two  coats  of  plaster, 

*Gen.  Contr.,  New  Orleans 
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a  scratch  coat  and  a  finishing  coat, 
and  make  these  as  thin  as  possible, 
the  thinner  the  better. 

(4)  See  that  plenty  of  "elbow 
grease"  is  used  in  applying  the  plas- 
ter and  that  it  is  thoroughly  pressed 
against  the  concrete  surfaces  while 
being  applied. 

By  Mr.  Steece 

In  the  treatment  of  concrete  sur- 
faces in  order  to  secure  the  adhesion 
of  plaster  or  to  provide  a  satisfac- 
tory plaster  bond  many  methods  have 
been  used,  experiments  tried  and  fail- 
ures met  with.  The  proper  method 
to  use  should  not  be  resolved  into  a 
pride  of  opinion,  for  a  failure  means 
money  thrown  away. 

I  know  of  about  six  methods  of 
concrete  surface  treatment,  which  will 
be  described — not  in  the  order  of 
merit — as  follows: 

( 1 )  Merely  cleaning  the  surface 
of  concrete  as  left  by  the  forms  with 
a  stiff  wire  brush,  washing  with  clean 
water  and  while  still  damp  (not  wet) 
applying  the  plaster. 

(2)  Washing  the  surface  with  a 
2o%  solution  of  hydrochloric  (muri- 
atic) acid,  then  washing  with  clean 
water  and  finally  brushing  with  a 
wire  brush. 

(.3)  Cleaning  the  surface  with 
wire  brush  as  in  the  first  and  the  sec- 
ond method,  then  applying  a  liquid 
"plaster  bond" — so-called — with  an 
ordinary  paint  brush. 

(i)  Chij)))ing  or  scoring  the  con- 
crete with  stone-cutter's  tools. 

(5)  Lathing  the  concrete  surface 
with  metal  lath.  Eight-penny  wire 
nails  are  driven  into  the  form  lining 
to    a    depth    of   about    II4"    and    6" 
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apart  each  way.  The  nail  points  pro- 
ject from  the  surface  when  the  forms 
are  removed  and  the  lath  is  simply 
laid  on  and  the  nail  points  clinched. 
In  using  this  method  it  is  sometimes 
desirable  to  provide  a  folded  sheet 
metal  washer  or  clip  over  the  nail 
head  to  increase  the  holding  power 
of  the  nail  and  to  lessen  the  liability 
of  pulling  out  when  wrecking  the 
forms,  but  if  the  head  of  the  nail  is 
above  the  plane  of  the  reinforcing 
metal  this  is  not  always  necessary. 
In  this  case  the  concrete  needs  no 
cleaning. 

(6)  Molded  key,  made  by  nailing 
long  wood  strips  to  the  form  linings. 
The  strips  to  be  %"  thick  by  %'' 
wide,  parallelogram-shaped  section 
and  spaced  not  over  6"  apart.  The 
strips  will  draw  out  with  linings  when 
the  forms  are  wrecked  and  a  return 
beveled  groove  is  made.  This  meth- 
od gives  satisfaction  if  properly  exe- 
cuted and,  with  the  exception  of  the 
usual  cleaning,  no  other  treatment  is 
necessary. 

From  my  personal  experience  and 
observation,  I  have  arrived  at  the 
conclusion  that  the  first  method — if 
it  can  be  so  called — as  described 
above  will  produce  as  good  results  as 
desired  for  plain  plaster  work,  not 
exceeding  %"  thick,  particularly  on 
ceilings.  While  I  have  known  of 
tolerably  heavy  ornaments  stuck  on 
this  class  of  ceiling  work,  ornamental 
work  should  receive  special  treat- 
ment. It  must  be  borne  in  mind  that 
the  concrete  surface  must  be  clean 
and  can  be  made  so  only  by  energetic 
use  of  the  steel  brush  and  water.  If 
the  forms — which  will  be  referred  to 
again — have  been  properly  built  the 
finish  coat  of  plaster  can  be  applied 
directly  to  the  concrete  surface.  In 
such  a  case,  however,  the  finish  coat 
should  not  exceed  1/4"  thick,  although 
there  arc  many  instances  where  this 
thickness  has  been  exceeded. 

I  will  digress  at  this  point  to  refer 
to  plaster  before  proceeding  further: 
As  to  which  kind  of  plaster  produces 
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the  best  results,  certain  conditions 
may  have  influence,  but  common  plas- 
ter and  hydrated  lime  or  lime  putty, 
if  properly  applied,  will  give  good 
results  for  tlie  finish  coat.  In  all 
probability  the  best  results  are  ob- 
tained, however,  in  finish  coat  work, 
by  the  use  of  a  good  Keene's  cement 
and  lime  mixed  in  the  proportion  of 
5  parts  of  the  former  to  3  parts  of 
the  latter.  But  these  proportions 
have  been  departed  from  greatly  and 
still  good  results  have  been  obtained. 
Under  some  conditions  it  is  desirable 
to  add  a  small  amount  of  plaster  but 
this  can  be  left  to  the  plasterer  who 
has  to  do  the  work. 

The  great  advantage  in  the  use  of 
Keene's  cement  in  finish  work  comes 
from  the  fact  that  this  material  can 
be  retempered  even  after  24  hrs. 
without  material  deterioration ;  of 
course,  it  should  be  kept  from  setting 
hard,  but  ordinary  intelligence  would 
require  that  to  be  done.  This  prop- 
erty obviates,  to  a  certain  extent,  the 
danger  of  applying  dead  material  to 
a  concrete  surface,  with  inevitable 
failure.  In  fact,  many  cases  of  plas- 
ter falling  from  concrete  ceilings 
can  be  charged  to  dead  material. 

Some  plasterers  prefer  hard  or  pa- 
tent plasters  to  Keene's  cement  and  if 
properly  handled  these  will  give 
satisfactory  results. 

Returning  to  the  main  subject: 
The  method  of  treatment  No.  2  listed 
above  gives  satisfaction  but  the  acid 
should  be  entirely  removed  before 
applying  the  plaster. 

Method  No.  S,  the  liquid  plaster 
bond — so-styled — might  be  used,  pro- 
vided the  owner  of  the  building  or 
the  contractor  who  is  responsible  for 
the  integrity  of  the  work,  gets  a  bona 
fide  guarantee  of  worth  from  the 
manufacturer  of  the  material. 

Method  No.  4  is  hardly  to  be  rec- 
ommended on  account  of  the  expense 
due  to  the  amount  of  labor  required 
to  do  a  satisfactory  job. 

Method  No.  5  is  excellent,  though 
expensive.  Heavy  ornaments  can  be 
attached  to  this  class  of  work  with- 
out fear  of  failure  if  properly  exe- 
cuted. 

Good  results  will  be  obtained  by 
following  Method  No.  6,  about  which 
further  comment  is  unnecessary. 

While  not  a  treatment,  in  the 
strict  sense,  it  might  be  well  to  sug- 
gest that  when  the  concrete  surface 
remains  wet,  due  to  the  hygrometric 
condition  of  the  atmosphere,  and  rap- 
id changes  of  temperature,  it  is  ad- 
visable to  use  about  5%  or  more  of 
plaster  with  the  brown  mortar.  This 
suggestion  applies  particularly  to 
lime  and  sand  mixtures  and  to  com- 
bination mixtures  of  mortar  in  which 
Portland  cement  is  incorporated.   The 
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plaster  (plaster  of  I'aris)  accelerates 
the  setting. 

No  reference  to  "Treatment  of 
Concrete  Surfaces"  would  be  com- 
plete without  touching  the  subject  of 
concrete  forms,  es])eeially  the  lin- 
ings. Form  linings  should  be  made 
of  matched  stuff,  not  to  exceed  5I/2" 
wide,  with  the  rough,  or  undressed, 
surface  in  contact  with  the  concrete. 
The  narrow  width  is  for  structural 
reasons  and  the  rough  surface  is  to 
mold  the  concrete  rough,  thus  per- 
forming the  function  of  scoring  as 
applied  to  the  scratch  coat  of  plaster 
work.  It  should  be  needless  to  state 
that  the  forms  should  be  absolutely 
straight,  for  an  uneven  surface  makes 
trouble  for  the  plasterer. 

By  way  of  further  comment,  it  may 
be  pointed  out  that  if  the  plasterer 
has  much  interest  in  the  integrity  of 
his  work,  and  I  am  pleased  to  say 
that  most  of  them  have,  a  properly 
prepared  concrete  surface  needs  no 
nostrums  to  assist  plaster  to  adhere 
to  it. 

By  Mr.  Kinnev 

To  cause  plaster  to  adhere  firmly 
to  concrete  surfaces  as  left  by  wood- 
en   forms,     the     concrete     should   be 


roughened  and  tliorrjiighly  wetted  be- 
fore the  plaster  is  api)lied. 

If  in  filling  the  forms  the  work- 
men do  not  take  the  trouble  to  spade 
the  coarse  aggregate  away  from  the 
interior  forms,  the  surface  will  usu- 
ally be  rough  enough  to  form  a  good 
key  without  subsequent  roughening 
of  the  concrete  surface.  In  any  case 
the  concrete  should  be  thoroughly 
wetted  before  plaster  is  applied. 

If  the  interior  surface  is  smooth 
as  a  result  of  spading,  so  that  the 
fine  material  of  the  mortar  has  hetn 
brought  against  the  forms,  the  con- 
crete should  be  roughened  by  the  use 
of  a  stone  pick  or  a  bush-hammer. 
The  bush-hammer  is  usually  prefera- 
ble in  case  the  forms  have  been  oiled, 
as  it  tends  to  break  up  the  entire  sur- 
face. 

Where  the  builder  desires  to  elim- 
inate "sweating"  resulting  from  con- 
densation as  a  result  of  difference 
between  inside  and  outside  tempera- 
tures, nailing  strips  or  wall  plugs 
may  be  inserted  while  placing  con- 
crete ;  to  these  furring  strips  of  wood 
or  metal  may  be  attached  to  provide 
an  air  space  and  to  receive  metal 
lath  or  wire  mesh  to  which  the  plaster 
is  applied. 


Application   of  Sulphate  of  Zinc   to 
Concrete,  Preparatory  to  Painting 


"What  quantity  (weight)  of  sul- 
phate of  zinc  per  gallon  of  water 
should  be  used  to  make  a  wash  to  be 
applied  to  concrete  block  already  in 
the  structure  preparatory  to  receiv- 
ing a  coat  of  paint?" 


By  Mr.  Kinney 

Under  the  title,  "Methods  of 
Painting  Cement  Surfaces,"  Edward 
Hurts  Brown,  in  the  Cement  World 
of  June  15,  IPOQ,  says,  in  writing  of 
the  zinc  sulphate  jDrocess : 

The  method  recommended  by  Charles 
F.  MacNichol,  a  prominent  painter  of 
Washington,  D.  C,  who  has  used  it  ex- 
tensively on  government  and  private  work 
with  uniformly  successful  results,  is  eco- 
nomical and  has  no  injurious  after  effects 
on  either  the  concrete  or  the  paint,  and 
moreover  requires  no  after  washing.  He 
coats  the  concr'^te  with  a  solution  of  zinc 
sulphate  and  water,  mixed  equal  parts  by 
weight,  applying  it  with  a  bristle  brush 
and  allowing  from  48  hrs.  to  1-2  hrs.  to 
dry.  This  causes  a  chemical  change  in 
the  caustic  lime,  changing  it  to  calcium 
sulphate    (gypsum),    and    when    the    sur- 
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face  has  thoroughly  dried  there  will  be 
a  certain  amount  of  zinc  oxide  in  the 
pores  of  the  concrete  or  upon  the  surface. 
This  material  being  one  of  the  most  im- 
portant of  the  white  paint  pigments  nat- 
urally has  no  harmful  effect  upon  any 
subsequent  paint  coats,  but  is  incorpor- 
ated with  them  by  brushing. 

Mr.  MacNiehol's  process  attracted 
so  much  attention  that  he  was  invited 
by  the  Am.  Soc.  for  Test.  Mat.  to 
read  a  paper  before  that  society  June 
30,  1910.  This  paper,  entitled  "The 
Painting  of  Cement  and  Concrete 
Structures,"  is  incorporated  in  the 
Proceedings  of  the  30th  Annual 
Meeting  of  the  Am.  Soc.  for  Test. 
Mat.    Mr.  MacNichol  therein  says : 

The  method  consists  in  treating  the 
concrete  surfaces  with  a  sohition  of  zinc 
sulphate  and  water,  equal  parts  by  weight, 
applied  with  an  ordinary  bristle  brush 
after  the  concrete  is  dry.  If  the  one  pre- 
caution is  observed  of  allowing  from  48 
hrs.  to  72  hrs.  as  a  drying  period,  this 
treatment  will  render  a  concrete  wall  as 
safe  to  paint  as  an  ordinary  plaster  wall. 

Mr.  MacNichol  states  that  he  is  not 
a  chemist  but  a  master  painter. 
Therefore,     desiring     to     know     the 
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chemical  action  which  made  the  ap- 
plication of  zinc  sulphate  so  effective, 
he  wrote  to  Dr.  AUerton  S.  Cushman, 
then  Chemist  in  Charge  of  Physical 
and  Chemical  Investigations,  Office 
of  Public  Roads,  Washington,  D.  C, 
propounding  the  question:  "What 
chemical  action  takes  place  on  a  con- 
crete surface  when  a  solution  of  zinc 
sulphate  has  been  applied?"  In  re- 
ply to  this  question  Dr.  Cushman 
said: 

In  regard  to  the  scheme  for  painting 
concrete  work  with  a  solution  of  zinc 
sulphate  in  order  to  make  the  surface 
hold  a  paint  coating,  it  is  my  belief  that 
zinc  sulphate  is  very  well  adapted  for  this 
purpose,  owing  to  the  fact  that  when  zinc 
sulphate  is  brought  into  contact  with  cal- 
cium bydroxide  (bydrated  lime),  a  chem- 
ical reaction  takes  place  which  results  in 
the  formation  of  calcium  sulphate  (gyp- 
sum) and  zinc  hydroxide  (bydrated  oxicie 
of  zinc). 

It  is  apparent  from  this  that  after  the 
surface  has  become  thoroughly  dry  again 
it  will  contain  within  its  pores  a  mixture 
of  gypsum  and  zinc  oxide;  these  materi- 
als have  no  bad  influence  on  linseed  oil 
and,  in  fact,  are  frequently  used  as  paint 
pigments. 

The  reason  why  some  such  treatment 
should  be  necessary  before  applying  a 
paint  coating  to  the  surface  of  concrete 
must  be  apparent  to  everyone.  When 
Portland  cement  sets,  a  certain  amount  of 
lime  is  set  free  in  a  bydrated  condition 
as  calcium  hydroxide.  This  is  a  strong 
alkali,  and  tends  to  saponify  the  oil  in 
the  paint  coating  and  thus  destroy  it. 
The  work  done  by  the  application  of  zinc 
sulphate  is  to  destroy  this  alkalinity,  and 
change  the  calcium  hydroxide  into  a  mix- 
ture of  calcium  sulphate  and  zinc  oxide. 

Engineering  Sf  Contracting  for 
Mar.  20,  1912,  contains  an  article  by 
Jerome  Cochran,  entitled  "Inspection 
of  Surface  Finishes  for  Concrete 
Work."  Under  the  heading,  "Paint- 
ed Surfaces,"  Mr.  Cochran  says: 

Concrete  surfaces  may  be  treated  with 
a  solution  of  zinc  sulphate  and  water, 
mixed  equal  parts  by  weight,  and  applied 
with  an  ordinary  bristle  brush  after  the 
concrete  is  dry.  The  concrete  should  be 
at  least  48  hrs.  old,  preferably  72  hrs., 
before  applying  the  zinc  sulphate  solu- 
tion. 

Concrete-Cement  Age  for  May, 
1913,  publishes  on  page  24'1  the  fol- 
lowing letter  from  Andre  L.  Casset, 
15  Avenue  d'Allemagne,  Paris, 
France : 

I  believe  that  your  readers  would  be 
glad  to  know  a  simple  and  effective  proc- 
ess of  painting  over  concrete  surfaces. 
The  reason  that  oil  paint  does  not  stand 
well  on  concrete  surfaces  is  that  the  oil 
is  saponified  by  the  free  lime  of  the  ce- 
ment. "We  have  found  it  good  practice 
to  put  on  a  coat  of  cheap  metallic  sul- 
phate solution,  say  zinc  sulphate,  about 
a  1:5  solution.  This  produces,  by  the  fol- 
lowing reaction,  a  coat  of  plaster  and 
zinc  sulphate  quite  harmless  to  oil  over 
the  concrete  surface.  (CaO  -}-  SO4  Zn  ^=. 
CaSO,  +  ZnO). 

The  National  Builder  for  Aug., 
1914,  contains  an  article  by  R-  H. 
Langston,    from   the   Master   Paint- 
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er,  entitled  "Painting  over  Cement." 
This  article  says: 

It  must  be  understood  that  ordinary 
linseed  oil  paint  cannot  be  applied  with 
success  directly  to  cement  or  concrete 
surfaces,  on  account  of  the  alkaline  lime 
present  in  the  cement,  which  is  subject  to 
prolonged  formation  in  the  presence  of 
moisture.  The  action  of  this  alkali  is  to 
burn  uji  or  destroy  the  oil,  causing  rapid 
fading  of  colored  paint,  chalking  and 
scaling  off  of  the  material.  Therefore  it 
is  necessary,  if  a  linseed  oil  paint  is  to 
be  used,  that  the  surface  be  first  thor- 
ouglily  saturated  with  a  neutralizing  wash 
that  will  destroy  the  alkali  action.  The 
most  approved  method  is  to  use  a  solu- 
tion of  zinc  sulphate  made  by  dissolving 
sulphate  of  zinc  crystals  in  water  in  the 
proportion  of  3  lbs.  per  gal.  of  water.  A 
cement  surface  treated  with  this  wash 
and  allowed  to  dry  can  then  be  painted 
without  danger  from  alkaline  action  and 
with  the  assurance  that  the  result  will 
be  as  lasting  as  if  applied  to  a  wood  sur- 
face. Many  manufacturers  now  put  out 
cement  paints  in  liquid  form,  ready  for 
use,  in  white  and  all  shades,  the  vehicle 
used  in  these  paints  being  alkali-proof 
and  therefore  requiring  no  treatment  of 
the  surface  before  the  paint  is  applied. 
Paints  of  this  nature  are  being  used  ex- 
tensively on  cement  and  concrete  con- 
struction with  the  very  best  results  and 
can  be  obtained  at  a  very  reasonable 
price. 

In  the  Architect  and  Engineer, 
for  Oct.,  1914,  there  is  an  extract 
from  a  paper  on  paint  protection  for 
Portland  cement  surfaces,  by  H.  A. 
Gardner,  Washington,  D.  C,  which 
was  read  recently  before  the  Am. 
Soc.   for  Test.  Mat.     In  this  article 


Mr.  Gardner  says  that  a  priming  coat 
of  25%  zinc  sulphate  solution  was 
applied  to  concrete  to  neutralize  any 
free  lime,  but  it  is  held  that  this  is 
unnecessary  if  the  surface  is  dry 
when  painted  and  is  not  to  be  exposed 
to  the  weather.  Tests  conducted 
showed  that  the  amount  of  free  lime 
in  thoroughly  dry  cement  surfaces 
does  not  adversely  affect  high-grade 
oil  paints.  They  also  showed  that 
zinc  sulphate  may  be  used  with  ex- 
cellent results  as  a  primer  to  neu- 
tralize free  lime  in  cement  surfaces 
which  are  to  be  painted.  Reference 
to  this  article  will  show  the  classes 
of  paints  which  were  tested  in  reach- 
ing the  determinations  recounted  in 
Mr.  Gardner  s  paper. 

The  various  authorities  upon  the 
quantity  of  sulphate  of  zinc  are 
therefore  found  to  be  as  follows: 

(1)  Charles  MacNichol:  "A  solu- 
tion of  zinc  sulphate  and  water,  equal 
parts  by  weight." 

(2)  Jerome  Cochran:  "A  solu- 
tion of  zinc  sulphate  and  water, 
mixed  equal  parts  by  weight." 

(3)  Andre  L.  Casset:  "Zinc  sul- 
phate in  about  a  1 :5  solution." 

(4)  R.  H.  Langston:  "A  solu- 
tion of  zinc  sulphate  made  by  dis- 
solving sulphate  of  zinc  crystals  in 
water  in  the  proportion  of  3  lbs.  per 
gal.  of  water." 

(5)  H.  A.  Gardner:  "Twenty- 
five  %  zinc  sulphate  solution." 


Design  of  an  Anti- Freezing  Water 


Filter 


D 


"How  rvould  you  design  an  anti- 
freezing  water  filter,  which  is  to  he 
built  in  the  ground  between  a  cistern 
and  the  down-spout  of  a  house,  using 
gravel  and  charcoal  as  a  filtering 
medium?  The  ground  between  the 
house  and  the  cistern  is  level  and  the 
cistern  is  of  200  bbl.  capacity." 


By  Mr.  Kinney 

The  accompanying  illustration 
shows  a  modified  design  of  a  water 
filter  being  adapted  in  part  from  tlie 
Cement  World  for  June  15,  1911. 
The  original  design  shows  the  filter 
below  ground,  which  does  not  result 
in  complete  drainage  of  the  filter  or 
use  being  made  of  the  entire  capacity 
of  the  cistern. 

There  are  likely  to  be  two  objee- 
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tion  made  to  the  modified  design. 
First  is  the  danger  of  accident  to 
the  filter  erected  above  ground, 
though  this  could  be  overcome  by 
erecting  it  close  to  or  against  the 
side  of  the  house. 

The  second  objection  would  be  the 
exposure  of  the  filter  to  freezing. 
However,  the  drainage  of  an  elevated 
filter  could  easily  be  made  so  perfect 
that  the  only  water  passing  through 
the  filter  when  the  temperature  is  be- 
low freezing  would  be  a  relatively 
small  volume,  from  snow  melting  on 
the  roof,  so  that  this  objection  would 
not  appear  to  be  serious  unless  the 
filter  were  located  in  a  very  exposed 
position  on  the  north  side  of  the 
house. 

The  illustration  shows  the  design 
in  cross-section  only,  in  order  that  it 
might  be  used  within  reasonable 
limits  for  cisterns  of  different  capaci- 
ties.    The  mean  dimensions  are  as- 
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Desigk  of  Anti-Freezing  Water  Filter 

sumed  to  be  8'  x  8'  outside  dimen- 
sions, with  a  total  height  of  6'  9^2 '' 5 
walls,  6"  thick;  concrete  bottom,  6''; 
concrete  cover,  3^2"?  giving  a  capac- 
ity of  70  bbls. 

The  rods  that  reinforce  the  floor 
and  are  bent  up  into  the  wall  should 
be  1/4"  in  diam,  and  20'  6"  long,  bent 
to  a  right  angle  6'  6"  from  each  end. 


The  center  of  this  U-shaped  rod  acts 
as  the  size  of  filter  is  determined  by 
the  base  and  the  legs  act  as  vertical 
reinforcing  for  the  walls. 

Under  most  conditions  a  filter  2'  x 
2'  and  3'  deep  will  be  large  enough 
as  the  size  of  filter  is  determined  by 
the  intake  rather  than  by  the  cistern 
capacity. 


Mixture  of  Mortar  for  Laying  up 
Block   Walls  n  D  D 

Discussed  By  R.  F.  Havlik/  A.  E.  Cline'  and  H.  P.  Warner' 


"Occasional  cracking  in  concrete 
block  rvalls,  chiefly  at  the  mortar 
joints,  is  something  which  I  should 
like  very  much  to  avoid  in  the  con- 
struction of  a  rather  large  house 
which  I  am  about  to  erect.  It  has 
been  suggested  to  me  that  instead  of 
a  Portland  cement  mortar,  I  use  a 
mixture  of  1   bbl.  of  lime  to  1   sack 


of  cement  with  twice  the  bulk  of  good 
sharp  sand.  What  do  you  think  of 
such  a  suggestion?  If  the  sugges- 
tion isn't  a  good  one,  what  mixture 
do  you  suggest,  and  what  other 
things  should  be  considered  in  laying 
up  a  block  wall  to  avoid  cracks,  be- 
sides, of  course,  the  stability  of  the 
foundations?" 


By  Mr,  Havlik 

There  are  three  possible  causes  for 
cracks  in  the  mortar  joints  of  con- 
crete block  walls,  none  of  which,  how- 
ever, can  be  attributed  directly  to 
the  mortar.  The  first  and  most  prob- 
able one  is  that  the  footings  are  too 
narrow  for  the  superimposed  loads 
and  allow  the  building  to  settle  un- 
evenly.      This     will     always     cause 


^Engr.    in    charge    of    construction,    Moose- 
heart,  III. 

''Peekskill  Stone  Co.,  Peekskill,  N.  Y. 

'Pres.,  Onondaga  Litliolite  Co.,  Syracuse,  N. 


cracks  either  through  the  blocks  or 
through  the  joints,  as  they  are  the 
weakest  points  of  the  wall.  A  sec- 
ond cause,  and  quite  a  common  one, 
is  that  the  block  are  not  cured  suffi- 
ciently before  being  laid  in  the  wall. 
In  this  case  they  will  shrink  and 
often  open  the  joints.  A  third  cause 
is  striking  the  joints  as  soon  as  the 
block  have  been  laid.  The  mortar, 
being  very  soft,  tends  to  settle  and  in 
so  doing  separates  from  the  block, 
causing  a  crack.  Such  cracks  may  be 
at  the  exposed  surface  only  and  may 
not  extend  through  the  wall.  In  all 
the   work   at   Mooseheart   we    use    a 


mortar  of  ^5  part  hydraled  lime,  1 
part  of  cement  and  2  parts  sand,  all 
measured  loose.  This  is  just  enough 
of  lime  to  make  tlie  mortar  work 
smoothly  and  to  keep  it  from  drying 
out  too  rapidly.  We  make  all  our 
joints  concave  with  a  half-round  tool 
and  do  not  strike  the  mortar  joints 
until  they  have  partially  set.  Thu:s 
far  we  have  had  no  joints  open.  Too 
much  lime  makes  a  soft,  crumbly  mor- 
tar, and  1  bbl.  of  lime  per  sack  of 
cement  will  pYove  very  unsatisfac- 
tory. 

By  Mr.  Cline 

In  my  experience  the  best  mortar 
for  laying  up  block  walls  is  a  good 
lime  mortar,  1  part  well  slaked  lime 
and  3  parts  of  clean  sharp  sand,  to 
which  is  added  Y^  part,  by  bulk, 
Portland  cement  as  the  mortar  is 
used.  This  is  much  stronger  than 
the  plain  lime  mortar,  yet  it  works 
smoothly  under  the  trowel  and  gives 
the  wall  time  to  settle  into  place  be- 
fore getting  too  hard.  An  all-cement 
mortar  is  harder  to  handle  and  sets 
up  too  quickly  for  the  best  work. 

I  have  used  with  good  success  a 
mortar  made  of  1  part  hydrated  lime, 
1  part  Portland  cement  and  3  parts 
sharp  sand.  This  is  very  handy  to 
use  on  small  jobs,  such  as  house  foun- 
dations. 

By  Mr.  Warner 

I  can  see  no  objection  to  the  use 
of  a  cement  mortar.  In  fact,  my  ex- 
perience has  shown  it  to  be  prefer- 
able to  lime  mortar  in  concrete  block 
walls,  a  small  amount  of  lime  being 
added  to  make  the  mortar  work  bet- 
ter. 

The  suggested  mixture,  1  bbl.  of 
lime  to  1  sack  of  cement  with  twice 
the  bulk  of  sand,  I  believe  too  rich 
in  lime,  and  would  suggest  about  1/4 
of  the  amount  of  lime  to  a  sack  of 
cement  and  3:1  or  31/2:1  mixture. 

An  important  feature,  and  one 
very  often  overlooked  or  ignored  in 
laying  concrete  block,  is  a  thorough 
wetting  of  the  surfaces  which  come 
in  contact  with  the  mortar.  I  believe 
that  this  procedure  is  fully  as  impor- 
tant and  necessary  to  a  satisfactory 
job  as  the  quality  of  mortar  used.  If 
this  wetting  is  carefully  and  thor- 
oughly done  and  caution  is  used  in 
completely  filling  out  the  joints, 
which  should  be  at  least  %"  and 
preferably  ^2" >  with  a  mixture  as 
outlined  above,  I  believe  there  will 
be  no  difficulty  experienced  with 
cracks,  assuming,  of  course,  that  the 
foundations  are  properly  construct- 
ed. 
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Renewing'  a   Basement 
Floor  u  u 

Discussed  By  I..  C.  Wason*  and  A. 
Morgan  Smith'' 

"A  new  concrete  floor  in  a  resi- 
dence hasement,  which  is  approxi- 
mately 50'  by  20' ,  is  required.  The 
old  poor  is  wavy,  rather  rough  and 
is  crumbling  in  some  places.  The 
matter  of  headroom  m  the  basement 
would  not  seriously  interfere  with 
laying  a  new  floor  on  top  of  the  old 
floor,  providing  it  did  not  have  to  be 
more  than  2"  thick,  yet  it  would  be 
preferable  to  lay  less  concrete  than 
would  be  required  by  2" ,  if  it  can  be 
done  with  satisfaction.  Should  the 
new  floor  be  laid  on  the  old  floor,  and 
if  so,  what  is  the  proper  procedure 
and  what  will  be  the  best  aggregate 
and  mixture  to  use?" 


By  Mr.  Wason 
A  2-in.  pavement  would  not  bond 
with  the  old  floor.  If  it  is  uneven 
and  2"  is  planned  as  the  minimum 
thickness,  it  might  average  3",  and 
a  3-in.  pavement  is  the  minimum 
thickness  that  ought  to  be  used  for 
a  durable  cellar  floor.  It  would  prob- 
ably cost  $20  to  $25  more  than  a 
2-in.  floor,  which  would  not  be  sat- 
isfactory. If  more  headroom  is  ne- 
cessary by  all  means  take  out  the  old 
floor  and  excavate  the  earth. 

By  Mr.  Smith 

Few  places  are  so  ideal  for  con- 
crete to  set  up  slowly,  insuring  a  hard 
body  and  surface,  as  in  a  cool  place 
like  a  cellar,  yet  it  is  a  lamentable 
fact  that  this  part  of  the  house  con- 
struction is  nearly  always  slighted 
from  start  to  finish. 

In  several  cases  I  have  found  the 
concrete  cellar  floor  to  be  merely  a 
"bluff"" ;  a  very  poor  bed  would  be 
about  1"  of  dirty  weak  concrete  and 
a  lather  of  finish  only  to  even  over 
the  roughness. 

To  repair  a  cheap  cellar  floor  is  a 
waste  of  money  and  for  a  trouble- 
some floor  of  this  kind,  my  advice 
would  be  to  use  a  sledge  or  pick, 
using  part  of  the  old  floor  for  a  bed 
for  a  real  concrete  floor  which  is  3" 
of  1 :3  :6  concrete  and  a  1 :2  finish  not 
less  than  %"  thick.  The  manner  of 
repairing  a  good  hard  concrete  floor 
is  one  that  requires  experience  and 
patience.  If  you  tell  the  average 
"Hunkie"  how  it  is  to  be  done,  very 
likely  when  you  come  back  you  will 
find  time  and  material  wasted. 

Patching  a  rough  place  or  hole  in 

'Pres.  &  Mgr.,  Abertliaw  Constr.  Co.,  Boston 
^Arcliitect,  Mt.  Lebanon,  Pa. 


the  finish  of  a  hard  and  solid  concrete 
floor  can  be  done  as  follows :  Chip 
away  at  least  y^f'  all  over  the  place 
to  be  repaired  and  keep  as  wet  as 
possible  for  at  least  10  hrs. ;  mix 
enough  finish  for  the  job  of  1  part 
cement  and  ll4  parts  crushed  stone 
dust  or  fine  sand  (thoroughly  mixed). 
Apply    what    will    make    about    14" 


layer  (sloppy)  and  rub  well  in  with 
whisk  broom  or  coarse  brush  to  in- 
sure good  contact  for  bonding;  then 
even  up  with  balance  of  finish.  Over 
the  finish  keep  a  wet  cloth  for  a  few 
days.  To  obtain  a  uniform  texture 
between  the  patch  and  the  balance 
of  the  floor,  rub  with  a  carborundum 
stone. 


Fire- Resisting  Qualities  of  Concrete 

Discussed  By  W.  M.  Kinney^ 


"What  security  does  reinforced 
concrete  construction  offer  against 
fire  loss? 

"Is  any  vital  element  of  the  struc- 
ture exposed  to  injury  in  case  of  fire, 
and 

"What  injuries  have  residted  from 
fires  in  reinforced  C07icrefe  build- 
ings?" 


By  Mr.  Kinney 

Experimental  tests  made  by  Prof. 
Norton,  Prof.  Woolson  and  others 
conclusively  establish  the  fact  that 
concrete  will  protect  either  structural 
steel  or  reinforcement  from  damage 
in  case  of  fire.  The  most  unanswera- 
ble argument  for  reinforced  concrete 
as  a  fire-resisting  material  is  found 
in  the  numerous  examples  of  struc- 
tures which  have  successfully  with- 
stood extraordinary  exposure  both  to 
exterior  and  to  interior  fires. 

In  properly  designed  reinforced 
concrete  structures  no  vital  element 
of  the  building  is  exposed  to  injurv 
in  case  of  fire.  Where  the  tempera- 
ture ranges  from  1,600"  to  2,000° 
F.  concrete  is  usually  dehydrated  to 
a  depth  of  1/0"  to  %".  But  this  in- 
creases the  heat  resistance  so  that 
the  process  of  dehydrating  is  very 
much  retarded  and  the  body  of  the 
concrete  is  unaffected;  consequently 
loss  is  ordinarily  limited  to  negligible 
spalling  at  corners  or  other  severely 
exposed  portions. 

The  most  recent  example  of  the 
behavior  of  reinforced  concrete  in  a 
severe  fire  is  shown  by  the  storage 
warehouse  of  the  Naumkeag  Cotton 
Co.,  Salem,  Mass.,  which  was  the 
only  building  that  went  unharmed 
through  the  great  fire  of  June  2>'5, 
1911.  This  building  is  of  reinforced 
concrete  throughout,  and  not  only 
saved  contents  valued  at  $200,000, 
but  came  through  the  fire  practically 
uninjured,  except  for  cracking  and 
melting  of  wire  glass  in  windows, 
showing  the  extreme  heat  to  which 
the  building  was  subjected.  Full 
details  of  the  building  and  the  Salem 


'Engr.    in   Chg.,   Inspection    Bur.,   Universal 
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conflagration  are  given  on  pages  45 
and  61  of  Concrete-Cement  Age 
for  Aug.,  1914. 

How  reinforced  concrete  will  stand 
exposure  to  an  interior  fire  is  exem- 
plified by  the  glue  factory  of  F.  W. 
Tunnell  &  Co.,  Philadelphia,  which 
was  subjected  to  a  severe  exterior  and 
interior  fire  on  June  24,  1909^  re- 
ported in  Cement  Age  for  Aug., 
1909,  from  which  we  take  the  follow- 
ing facts: 

The  building  is  a  three-story  struc- 
ture and  is  of  reinforced  concrete 
throughout.  Walls  are  12"  thick. 
When  the  fire  was  in  full  blast  the 
concrete  structure  was  practically  en- 
veloped in  flames.  Wooden  drying 
racks  in  the  concrete  building  took 
fire,  and  soon  there  was  a  mass  of 
flames  within  and  without.  A  brick 
boiler  house  adjoining  the  concrete 
building  was  so  badly  damaged  that 
it  was  necessary  to  take  down  the 
walls.  One  end  of  the  reinforced 
concrete  building  was  open,  and 
through  this  the  flames  concentrated 
upon  a  concrete  column  which  merely 
spalled.  The  vital  parts  of  the 
structure  remained  intact,  and  the 
building  is  practically  uninjured,  ex- 
cept that  a  wire-lath  and  plaster  ceil- 
ing suspended  from  the  roof  beams 
was  destroyed  by  the  intense  heat, 
and  the  wire  glass  in  open  windows 
melted,  hanging  like  sacks  from  the 
metal  sash. 

Automatic  sprinkling  systems 
should  be  encouraged  in  the  construc- 
tion of  all  reinforced  concrete  build- 
ings, for  the  protection  of  the  build- 
ing contents.  When  the  structure  is 
of  reinforced  concrete  and  the  con- 
tents are  protected  by  automatic 
s))rinklers,  the  insurance  hazard  is 
reduced  to  an  almost  negligible  risk 
— even  the  water  damage  being  local- 
ized. On  the  other  hand,  the  advan- 
tage of  concrete's  fire  resistance  may 
be  largely  lost  by  neglecting  to  pro- 
vide automatic  sjirinklers  in  a  build- 
ing filled  witli  inflanmiable  merchan- 
dise, oflice  furniture  or  wood  parti- 
tions, in  any  of  which  fire  develops 
with  great  rapidity,  destroying  the 
contents  and  making  subsequent  re- 
pairs to  the  building  necessary. 

Jnnunry, 1915 


COXCRKTE-CKMKNT  AGE 


Correspondence  :   a  Department 

in  Which  the  Reader  Becomes  the   Writer         □ 

This  is  your  department.  It  is  informal.  Use  it.  This  is  the 
place  for  letters  which  have  either  inspiration  or  ii  formation  for 
the  '''other  fellow.^''  It  is  well  to  remember  that  you  are  usually 
in  his  position.  If  you  are  to  get  the  good  out  of  these  columns, 
why  7iot  help  to  make  them  good  ?  Write  about  your  work. 
Help  the  Other  "other fellow\"  n  n  n 


Concrete    Floors    in 
Dwelling'  Houses         u 

A    Letter    Prom    Homer    Laugh- 

LIN,  Jr/ 

To  give  you  accurately  my  experi- 
ence in  living  in  a  house  with  con- 
crete floors,  it  will  perhaps  be  well 
to  go  back  a  little  way  and  relate  my 
experiences  which  led  to  the  adoption 
of  a  concrete  floor  for  a  residence. 

The  Homer  Laughlin  building, 
which  I  own,  was  built  in  1898  and 
was  the  fifth  building  in  the  U.  S. 
and  the  first  building  west  of  Chi- 
cago to  use  concrete  floors.  These 
were  concrete  floors  placed  on  a  steel 
skeleton.  At  the  time  the  building 
was  opened  I  had  grave  doubts  of  its 
success  because  every  prospective 
tenant  brought  up  the  subject  of  the 
floors.  Either  they  themselves  were 
aflTected  by  rheumatism  or  they  had 
some  one  in  their  office  who  had 
rheumatism  and  they  were  quite  sur-; 
that  living  in  an  office  with  concrete 
floors  would  be  detrimental  to  their 
health.  The  common  remark  was 
that  they  could  feel  the  chill  of  the 
concrete  go  through  them  the  moment 
their  shoes  touched  the  floor.  Al- 
though the  prejudice  was  gradually 
overcome  it  was  at  least  five  years, 
when  concrete  floors  in  office  build- 
ings had  become  more  general,  be- 
fore the  attention  of  the  public  was 
attracted  to  other  features  and  away 
from  the  concrete  floors  and  I  may 
safely  say  that  it  has  been  at  least 
three  years  since  I  have  heard  a  sin- 
gle person  mention  the  subject^. 

When  I  was  about  to  erect  my 
home  and  decide  on  the  subject  of 
floors,  my  father,  who  had  been  a 
strong  advocate  of  concrete  floors  in 
office  buildings,  advised  me  against 
their  use  in  a  residence.  Careful  in- 
quiry developed  that  he  himself  was 
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not  opposed  to  the  floors  but  was 
satisfied  that  my  friends  and  others 
would  interpose  all  the  objections  to 
their  use  in  a  residence  that  we  had 
formerly  gone  through  in  our  office 
building  and  so  I  decided  to  put 
wooden  floors  downstairs  for  the 
benefit  of  my  friends  and  concrete 
floors  upstairs  for  the  use  of  my  fam- 
ily ;  but  finally  we  worked  up  one  ex- 
cuse after  another  for  leaving  the 
wood  floors  out  of  certain  downstairs 
rooms  and  finally  they  were  left  out 
altogether. 

My  floors  are  of  a  warm  brown 
tone  and  come  up  on  the  side  walls 
about  6"  and  flush  with  the  plaster 
to  form  what  would  otherwise  be  a 
baseboard.  Downstairs  they  are 
decorated  with  a  pallette-knife  and 
look  somewhat  like  carved  leather. 
After  the  "carving"  had  been  done 
an  artist  worked  various  colors  of  the 
rainbow  into  the  decoration  and  then 
they  were  all  varnished  and  waxed 
so  that  keeping  them  in  order  is  simi- 
lar to  the  polishing  of  wood  floors 
but  the  polishing  is  required  much 
less  frequently. 

Upstairs  we  use  velvet  carpets  of 
double  width  and  plain  colors,  sewed 
together  to  form  a  mat  or  rug,  but 
without  a  border,  and  extending  with- 
in 6''  or  8''  of  the  side  walls  all  the 
way  around.  We  find  that  no  nailing 
strips  or  other  means  of  fastening 
are  necessary,  since  the  carpet  lies 
perfectly  flat  and  is  sufficiently  large 
so  that  it  will  not  move  about. 

Downstairs  we  use  Oriental  rugs 
entirely  and  a  curious  feature  in  this 
respect  is  that  moths  will  not  hatch 
on  the  under  side  of  a  rug  in  contact 
with  concrete,  where  they  do  hatch 
when  it  is  in  contact  with  wood.  This 
applies  to  the  under  side  of  the  rug 
only,  because  it  is  not  impossible  for 
them  to  hatch  within  the  rug  fabric 
itself. 

Now,  the  common  impression  is 
that  a  concrete  floor  will  make  the 
room  cold  but  this  impression  is 
reached  by  people  who  have  gone  into 
rooms    with    concrete    floors    where 


there  was  no  carpet  on  tlie  floor  and 
because  at  tlie  moment,  they  were 
critical  of  concrete,  but  if  one  will 
go  into  a  bare  room  wliere  hard  wood 
floors  have  been  used  they  will  get 
exactly  the  same  effect.  The  addi- 
tion of  carpets  and  tapestries  de- 
creases the  number  of  sfjuare  feet 
where  the  air  of  the  room  comes  in 
contact  directly  with  the  floor  or  side 
walls. 

There  is  also  an  impression  that 
concrete  floors  are  damp.  They  are 
damp  for  the  first  two  months  after 
being  laid  and  on  this  account  should 
not  be  varnished  or  waxed,  but  after 
til  is  period  they  are  as  dry  as  wooden 
floors.  I  have  made  accurate  tests 
with  hygrometers,  to  determine  this 
point. 

The  concrete  floor  is  to  me  most 
satisfactory  because  it  is  free  from 
cracks  in  which  dust  accumulates  and 
ascends  every  time  the  floor  is  flexed 
by  stepping  on  it.  There  is  never  a 
squeak  or  other  noise  produced  by 
the  rubbing  of  one  board  of  the  in- 
terior floor  on  another.  With  carpet.' 
on  the  floors  they  are  absolutely 
noiseless,  and  one  cannot  detect  a 
person  walking  on  an  upper  floor 
when  he  is  in  the  room  below,  pro- 
vided of  course  that  there  is  a  carpet 
on  the  floor  above. 

The  concrete  floor  makes  a  much 
handsomer  setting  and  background 
for  Oriental  rugs  than  wooden  floors 
and  one  can  do  away  with  the  un- 
sightly baseboard,  which  always  col- 
lects dust.  Then  there  is  none  of  the 
trouble  of  warping  and  straining 
which  comes  with  the  use  of  wooden 
floors. 

Above  all  else  the  house  is  fire- 
proof when  properly  built  in  other 
respects  and  one  can  leave  home  with 
the  assurance  that  neither  property 
of  any  considerable  value  nor  lives 
will  be  destroyed  in  the  event  of  fire. 
I  feel  that  my  pictures,  rugs  and 
porcelains  are  as  safe  in  my  house 
as  in  a  vault  at  the  bank,  barring  the 
possibility  of  theft,  which  is  rather 
remote^. 


Bu  siness   Opp  or  tun  ity 
in  Australia  u 

A  Letter  From  Edwix  C.  Elliott^ 

There  has  never  been  so  favorable 
an  opening  for  \].  S.  manufacturers 
to  secure  Australian  business  in  quite 
a  large  number  of  staple  lines,  but 
they  must  beware  of  greedily  advanc- 
priees  or  permitting  the  opportunity 
to  be  stultified  bv  freight  rings. 


^Happy  California! — Editors 
'Sydney,  Australia 
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Co-operation    in    Small 
Building'    Development 

A  Letter   From   P.   H.   Bosworth' 

I  sliould  like  to  know  what  is 
thought  of  the  idea  of  attempting  to 
get  the  cement  manufacturers  to- 
gether in  a  national  organization  to 
experiment  in  small  building  con- 
struction? Cement  is  established  in 
engineering  and  large  building 
works,  but  in  small  buildings  under 
$10,000  practically  no  definite  head- 
way has  yet  been  made ;  no  perman- 
ent results  have  been  accomplished. 

One  principal  reason  for  this  is 
that  there  has  been  no  systematic  ac- 
tion or  team-work  among  the  in- 
ventors or  designers.  Each  has  tried 
to  evolve  a  completed  system  of  his 
own,  without  infringing  on  his  com- 
petitor. This  is  a  practical  impos- 
sibility; it  merely  means  tying  up 
the  entire  industry  with  a  lot  of  use- 
less patents  out  of  which  no  one  will 
make  any  money  during  the  life  of 
these  patents  and  it  will  end  by  put- 
ting the  business  back  20  years  or 
more  and  the  original  inventor  will 
be  dead  and  gone  before  his  idea 
is  even  put  into  practical  operation. 

It  takes  years  of  steady  work  im- 
proving each  operation  to  perfect 
such  a  thing  as  the  erection  of  a 
concrete  building. 

Take  the  larger  concrete  building 
work  in  San  Francisco.  We  are  doing 
quite  a  lot  of  it  and  the  proportion 
of  concrete  buildings  is  getting  larger 
every  year.  Today  we  can  put  up  a 
concrete  frame,  outside  walls,  floors, 
columns,  and  girders  for  just  about 
one-half  what  the  same  work  could 
be  done  for  after  the  fire,  when  the 
industry  started  here.  A  concrete 
frame  "Class  B"  construction  costs 
today  between  $15  and  $l6  per  cu. 
yd.  of  concrete  complete;  forms,  rein- 
forcing, pouring  and  stripping,  that 
is  for  6-in.  walls,  4-in.  slabs,  l6-in.  x 
18-in.  girders,  10-in.  x  12-in.  col- 
umns. After  the  fire  some  buildings 
cost  as  high  as  $1.50  per  cu.  ft.  of 
concrete  complete,  about  $40  per  cu. 
yd. 

This  reduction  in  cost  has  been 
made  possible  by  the  fact  that  there 
have  been  no  patents  to  hinder  the 
complete  interchange  among  the 
builders  of  ideas  and  methods  of 
operating.  Each  little  improvement 
has  been  taken  advantage  of  by  every 
builder,  to  the  advantage  of  the  en- 
tire industry;  everybody  has  gained, 
both  the  contractors  and  the  prop- 
erty   owners,   and    tlie   buildings   are 


>Archt.  and  builder,  San  Francisco,  Cal. 

US] 


much  better  constructed  and  erected 
in  less  time. 

I  have  a  couple  of  patents  on 
forms  and  a  hollow  wall  construc- 
tion. I  would  gladly  release  my  pat- 
ent rights  if  some  national  organiza- 
tion working  with  all  other  patentees 
would  roll  all  our  ideas  and  patents 
into  one  or  two  comprehensive  meth- 
ods of  small  building  construction, 
that  could  be  pushed  throughout  the 
U.  S. 

We,  as  patentees,  would  make  more 
money  by  taking  hold  of  this  com- 
posite building  even  though  any- 
body else  could  do  the  same,  than  we 
are  making  today  by  our  "dog  in  the 
manger"  policy  of  lying  down  and 
covering  up  what  we  can't  use  our- 
selves. 

It  is  logical  to  suppose  that  the  sura 
of  all  the  ideas  that  have  been  ad- 
vanced by  the  different  patentees 
used  to  the  best  advantage  is  far  bet- 
ter than  any  individual  set  of  ideas 
and  methods ;  and  furthermore,  it 
will  be  more  profitable  to  the  patentee 
to  release  his  patents  and  get  a  busi- 
ness that  is  sure  to  be  very  profitable 
than  to  keep  some  useless  patents  un- 
til they  and  he  expire.  The  cement 
companies  could  back  such  a  national 
organization  as  this  for  promotion 
purposes.  They  are  spending  much 
money  today  for  printers'  ink,  try- 
ing to  help  small  building,  but  to  no 
such  purpose  as  this  plan  I  propose. 
They  can  work  both  selfishly  and  un- 
selfishly in  putting  through  such  a 
scheme;  their  great  profit  would 
come  in  the  greatly  increased  use  of 
cement. 

This  plan  of  mine  is  merely  broad- 
minded  co-operation ;  co-operating  to 
do  collectively  what  we  cannot  do  in- 
dividually and  even  if  we  could  get 
ahead  individually  we  could  not  get 
ahead  so  fast  nor  so  well. 

In  financing  this  plan,  the  cement 
companies  would  not  really  have  to 
spend  any  money  in  the  sense  of  not 
getting  it  back  again.  All  the  money 
advanced  for  this  proposition  would 
eventually  come  back  surely  in  cash 
with  interest  and  a  profit  attached. 
It  takes  money  to  buy  land  and  erect 
buildings,  but,  properly  located  and 
built,  the  finished  proposition  is 
worth  more  than  it  cost  to  build  and 
is  readily  salable. 

A  plan  of  this  character  carried  out 
would  redound  to  the  benefit  of  the 
inventor  or  designer,  the  concrete  in- 
dustry, the  cement  industry  and  the 
economic  conditions  of  the  country  at 
large.  

All  ordinary  bar  bending  should 
be  done  cold.  It  is  very  important, 
especially  in  bending  large  bars,  that 
the  bending  force  be  applied  grad- 
ually and  evenly  and  not  with  a  jerk. 


Concrete   Floors  for 
Stables  n  d 

A  Letter  From  Leonard  C.  Wason* 

A  proposed  regulation  requiring 
the  use  of  concrete  floors  in  all  new 
stables  or  stables  which  are  partly 
rebuilt  in  the  City  of  Hartford, 
Conn.,  was  objected  to  by  numerous 
owners  of  fine  horses  on  the  ground 
that  the  concrete  floors  are  injurious 
to  horses.  It  should  be  understood 
that  a  concrete  floor  for  a  stable  con- 
sists of  a  concrete  base  with  grano- 
lithic finish  laid  similar  to  a  sidewalk, 
but  grooved  into  6-in.  squares  to  pre- 
vent slipping.  The  question  was 
asked  of  the  Aberthaw  Construction 
Co.,  Boston,  whether  or  not  the  ob- 
jection was  well  taken. 

In  order  to  answer  this  question 
intelligently,  we  sent  letters  to  15 
stable  owners  for  whom  we  have  built 
concrete  floors.  All  of  these  floors 
were  laid  previous  to  1907,  the  ma- 
jority dating  back  to  1895,  '9Q,  '97 
and  '98.  In  these  letters  we  asked 
the  following  questions  regarding  the 
floor: 

First — Is  it  injurious  to  horses  ? 

Second- — Has  it  proved  to  wear 
satisfactorily? 

Third — If  you  had  another  stable 
to  build,  with  your  present  experi- 
ence, would  you  again  use  concrete? 

All  of  the  answers,  but  one,  were 
very  favorable  to  concrete  floors.  The 
one  exception  was  from  a  stable 
owner  who,  through  seldom  visiting 
his  stable,  had  not  formed  a  definite 
opinion.  A  visit  to  this  stable,  how- 
ever, revealed  the  fact  that  the  hos- 
tlers were  very  favorable  to  the  floors. 

In  addition  to  these  letters,  we 
examined  nearly  all  the  above  floors 
and  many  others  of  diff"erent  kinds 
laid  by  various  people. 

Taking  up  the  first  question — "Is 
it  injurious  to  horses?" 

The  owners  of  stables  practically 
unanimously  agree  that  concrete  is 
not  injurious  to  horses.  It  is  not  too 
slippery  and  may  be  kept  very  clean. 
The  hostlers,  however,  seem  divided 
in  their  opinion.  About  half  of  those 
approach  claimed  the  floor  was  slip- 
perv.  On  carefully  questioning 
them,  however,  it  developed  that  the 
horses  would  not  actually  fall  down, 
only  slipping  until  their  shoes  caught 
in  the  grooves.  Many  of  the  hostlers 
claimed  that  the  concrete  was  gritty 
enough  to  prevent  much  slipping, 
even  without  the  grooves.  All  seem 
agreed  that  wood  should  be  laid  over 
the  concrete  in  the  stalls,  to  keep  the 
horses  from  having  to  stand  or  sleep 
•  directly  on  the  cold  surface. 

iPres.,   Abertliaw   Constr.   Co.,    Boston 

Jamiary,  1915 
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"Has  it  proved  to  wear  satis  factor- 

ily?" 

We  could  find  no  objections  what- 
ever on  this  score.  Concrete  drains 
from  the  stalls,  after  18  yrs.  of  ser- 
vice, seemed  only  slightly  affected  by 
uric  acid  from  the  horses.  All  own- 
ers approached,  with  one  exception, 
were  quite  emphatic  that  they  would 
again  use  concrete  if  they  had  another 
floor  to  lay.  The  one  exception  was 
in  doubt. 

In  the  course  of  this  inquiry  it  de- 
veloped that  asphalt  floors  are  too 
dead,  and  do  not  wear  particularly 
well.  Wooden  floors  are  hard  to 
keep  clean,  do  not  wear  well,  and  are 
sometimes  quite  slippery.  Several 
hostlers  were  found  who  felt  that  the 
slippery  condition  of  concrete  floors 
could  be  best  eliminated  by  using 
paving  stones,  grouted  in  with  ce- 
ment. This  floor,  however,  is  not  so 
easily  cleaned,  and  is  more  expensive. 

The  proposed  regulation  would  not 
impose  a  hardship  on  stable  owners, 
for  concrete  is  cheaper  than  asphalt, 
vitrified  brick,  or  paving  stone  grout- 
ed in  with  cement. 
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Figs.  1  and  2 — ^Structural  Features  of  a  Reinforced  Concrete  Kesidence  at  Kan- 
sas City,  Mo.,  Showing  6-ft.  Overhanging  Roof  and  60-ft.  Beams 
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Structural  Features  of  a  Re- 
inforced Concrete  House 

The  accompanying  illustrations 
show  several  interesting  features  in 
connection  with  a  reinforced  concrete 
residence  recently  constructed  in 
Kansas  City,  Mo.,  costing  about 
$125,000,  among  them  being  the  6-ft. 
overhanging  concrete  roof,  covered 
with  tile,  and  60-ft.  reinforced  con- 
crete beams  used  in  constructing  the 
east  wing.  Louis  Curtiss  is  the  archi- 
tect. The  house  was  built  for  the 
estate  of  Bernard  Corrigan. 

The  house  has  a  reinforced  con- 
crete frame  with  a  veneer  of  stone  or 
Phoenix  marble  capable  of  taking  a 
high  marble  polish  when  used  in  the 
interior.  It  is  planned  in  the  shape 
of  the  letter  "L"  with  each  wing- 
about  30'  wide,  the  wing  to  the  east 
extending  120'  from  the  northwest 
corner  of  the  "L,"  the  other  wing  ex- 
tending south  about  100'  from  that 
corner.  The  arrangement  makes  for 
coolness  and  allows  the  owner  to  look 
out  upon  his  own  house.  Aside  from 
halls,  this  house  has  a  thickness  just 
of  a  single  room,  departing  from  the 
general  arrangement  that  places  a 
row  of  rooms  on  either  side  of  a  cen- 
ter hall.      The  interior  is   structural 


rather  than  decorative;  that  is,  it  has 
been  sought  to  make  the  construction 
beautiful  in  itself,  eliminating  the 
necessity  for  ornamentation. 

The  concrete  framework  presents 
no  divergence  from  standard  prac- 
tice. The  floors  are  of  hollow  tile 
and  joist  construction.  The  concrete 
roof  slab  is  covered  with  heavy 
asphaltic  paper  and  then  covered  with 
tile. 


A  dry  mixture  is  unfit  for  use  in 
rubble  concrete  or  concrete  rubble, 
because  it  will  not  flow  around  the 
large  stones  and  coat  them  with  ce- 
ment. 


When  the  aggregate  is  composed 
of  both  broken  stone  and  gravel,  they 
should  be  mixed  in  such  proportions 
as  will  give  the  least  percent  of  voids 
when  mixed. 


Methods  of  constructing  concrete 
sidewalks  must  be  employed  which 
will  avoid  settlement  cracks,  up- 
heaval by  frost,  crumbling  due  to 
work  done  in  freezing  weather,  con- 
traction and  expansion  cracks,  sepa- 
ration of  top  from  base,  and  disin- 
tegration. 


January, 1915 
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Concrete  Block  House,  With  Double  Wall,  Which 
Cost  Less  Than  $2,500 


granite  block  were  used  in  the  ex- 
posed portion  of  the  foundation  up 
to  the  water  table.  Panel  face  gran- 
ite block  were  used  over  the  water 
table  to  the  second  story  height,  with 
stucco  on  plain  block  from  there  to 


The  7-room  concrete  block  house 
shown  in  the  accompanying  illustra- 
tion and  in  detail  in  the  drawing  was 
erected  at  Lake  Geneva,  Wis.,  by  the 
Cement  Stone  &  Brick  Mfrs.,  for  ap- 
proximately $2,500,  including  plumb- 
ing and  hot  water  heating  system  and 
also  including  profits.  A  distinctive 
feature  of  the  house  is  the  large  wall 
unit,  using  12-in.  high  block. 

All  of  the  walls  are  of  double  con- 
struction with  an  air  space.  The 
basement  walls  are  5"  thick  on  the 
outside  and  5"  thick  on  the  inside, 
with  a  2-in.  air  space.  Above  the 
basement  level  the  walls  are  of  5-in. 
block  on  the  inside  and  4  -in.  block 
on  the  outside,  also  with  a  2-in.  air 
space.  The  block  in  the  basement 
walls,  both  sides,  are  8"  high  and 
24"  long,  and  the  block  forming  the 
inner  wall  above  grade  are  also  8" 
high,  while  those  on  the  outside  are 
12"  high  and  24"  long.  All  the 
block   were  made   on   a   Hobbs*  ma- 

'Hobbs  Concrete  Machinery  Co.,   Detroit 


Fig.  1 — CoxcRETE  Block,  Double  Wall  House,  Costing  $2,jOU 


chine.     Plain  block  were,  of  course, 
used    below    grade,    and    rock    face 


the  roof.     The  porch  columns,  balus- 
ter work  and  other  ornamental  pieces 
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Fig.  2 — Floor  Plans  Concreti;  Hlock  House  Costing  .$2,500 
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were  made  in  Simpson*  molds. 

In  laying  up  the  walls,  wall  ties 
were  used  with  1/4-in.  round  mate- 
rial bent  at  each  end.  Manufactur- 
ers, in  figuring  the  cost  of  the  house, 
added  to  the  cost  of  materials  and 
labor  a  profit  of  30%,  this  covering 
the  manufacturing  end  only  of  the 
concrete  work.  The  units  required 
are  listed  as  follows  at  the  retail 
price : 

940  solid  stone,  5"  x  8"  x  24" $103.40 

1,500  solid  stone,  4"  x  8"  24" 150.00 

218  solid  stone,  4"  x  12"  x  24",  using  a 

facing  of  granite  and  white  cement.  54.50 
332  solid  stone,  4"  x  12"  x  24",  granite 

face    83.00 

10  window  sills  and  caps,  3'  8"  long,  i" 

thick,  12"  high 15.00 

15  window  sills    13.50 

80  pier  stone,  4"  x  12"  x  12",  granite 

face    12.00 

5  porch  columns    30.00 

28  chimney  block,  4"  x  8"  x  20" 5.04 

80  baluster  block,  4"  x  4"  x  12",  rock 

face,  two  sides 8.00 

202    lin.    ft.    water   table,    5"   thick,    6" 

high    50.50 

25   lin.  ft.   hand   rail 3.60 

1528.64 

This  gives  a  total  of  $528.54. 
The  excavation  cost  $40.00. 
The  mason  work  is  itemized  as  fol- 
lows: 

Mason  and  laborers  at  $5.00  and  $2.25 
per  da.  of  8  hrs.  respectively,  layin? 

block    1210.00 

Pointing  walls 30.00 

Sand,  cement  and  lime  for  laying  block     28.00 

$268.00 

This  gives  a  total,  including  mason 
work,  materials  and  labor,  of 
$796.54. 

Rough  lumber  and  mill  work  cost 
$565.00. 

Carpenters  at  $4.50  a  day  of  8 
hrs.,  $360.00. 

The  stucco  on  the  upper  walls  is  in 
two  coats — one  of  ordinary  gray  ce- 
ment, and  a  finish  coat  of  white  Me- 
dusa Portland  cement'  and  silica 
sand,  with  a  cost,  including  labor  and 
material,  of  70  cts.  per  sq.  yd. 

The  interior  walls  are  plastered 
directly  on  the  block,  the  air  space 
being  continuous.  The  roof  is  cov- 
ered with  shingles  stained  green.  It 
is  understood  that  the  house  made 
such  a  satisfactory  appearance  that 
the  same  company  has  had  to  build 
four  more  similar  houses  since. 


Loose  mortar  tops  on  concrete  side- 
walks are  usually  caused  by  the  dry- 
ing out  and  the  setting-up  of  the  con- 
crete base  before  the  top  surface  is 
placed  and  then  failure  to  take  the 
proper  precautions  to  prepare  the 
concrete  surface  for  the  mortar  top. 


The  advantage  of  grading  aggre- 
gate is  to  minimize  the  voids  and  re- 
duce the  actual  surface  area  of  the 
aggregate  to  which  the  cement  must 
adhere. 

^Simpson  Cement  Mold  Co.,  Columbus,  Ohio 

^Sandusky  Portland  Cement  Co.,  Sandusky, 
Ohio 

January, 1915 


^Asr/r/i. 


4./2.Z4 
BIOCK 


^"S.aa" 


<^'-&'  7-o/-5r5 


CONCP£T£ 
DLOCA 


^2  /^/e> 


JO^/O  COA/CP£7£ 


B,c3  7-0/3Z^ 


BA5.  flOO» '  I 
^M^.v■^.•.--■.^.^^• 


Fig.  3 — ^Wall  Sectiok  of  Concrete 
Block  House 


Repairing  Building  Supports 
and  Foundations  with 
Concrete^ 

A  common  source  of  annoyance 
and  expense  on  the  farm  is  the  de- 
cay or  giving  way  of  building  sup- 
ports and  foundations.  When  this 
occurs  it  is  considerable  trouble  to 
replace  these  with  new  timber  or 
ordinary  masonry.  It  frequently 
happens  that  a  building  is  in  first- 
class  condition  while  its  supports 
have  disintegrated  or  collapsed.  For 
making  repairs  of  this  character  con- 
crete surpasses  any  other  material. 
This  is  due  to  the  fact  that  it  is  a 
plastic  substance  and  may  be  molded 
or  poured  into  recesses  not  readily 
accessible  when  another  material  is 
used.  Timber  supports  may  be  re- 
newed without  jacking  up  the  build- 
ing beyond  its  original  elevation. 

For '  example,  let  it  be  assumed 
that  a  building  is  resting  upon  wood- 
en or  timber  supports  which  have  de- 
cayed at  the  ground  level,  which  al- 
ways occurs  when  timber  is  subjected 
to  alternate  wetting  and  drying.  It 
is  an  exceedingly  simple  matter  to 
remedy  a  situation  of  this  kind  with 
concrete.  One  has  merely  to  support 
the  building  with  temporary  struts, 
which  should  be  placed  near  the  post 
to  be  removed.  The  old  post  should 
then  be  sawed  off  entirely  above  the 
rotten  part,  the  suspended  part  con- 
sisting of  sound  timber.  Directly 
under  this  suspended  post,  dig  a  hole 
2'  deep  and  slightly  larger  than  the 
post  itself.  Fill  the  hole  with  a 
mixture  consisting  of  1  part  Partland 
cement,  2  parts  sand  and  4  parts 
stone.  On  top  of  this  place  a  box 
with  open  ends,  its  inside  measure- 
ment conforming  to  the  dimensions 
of  the  hole.  This  box  should  be 
made  and  ready  to  use  before  any 


iProm  information  furnished  by  the  Assn. 
of  Am.  Portland  Cement  Mfrs.,  Bellevue  Court 
Bldg.,    Philadelphia 


Fig.  1 — Repairing  Building  Foundation  With  Concrete 


Uo] 


CONCRETE-CEMENT  AGE 


concrete  is  mixed  or  placed.  Its 
length  should  be  sufficient  to  reach 
from  the  ground  to  a  few  inches 
above  the  bottom  of  the  sawed  sup- 
port. When  in  position,  fill  it  with 
concrete  until  the  bottom  of  the 
sawed-off  post  is  embedded  about 
1/2"  in  the  concrete.  Proceed  as 
above  with  each  support,  leaving  the 
boxes  or  forms  in  place  for  one  week, 
and  after  two  weeks  the  struts  used 
as  a  temporary  support  for  the 
building  may  be  removed.  The  con- 
crete should  be  mixed  thoroughly 
wet  and  tamped  or  puddled  with  a 
stick  while  being  placed. 

In  the  case  of  large  buildings  ele- 
vated quite  a  distance  above  the 
ground,  the  new  support  or  founda- 
tion may  be  made  larger  at  the  bot- 
tom than  at  the  top  by  sloping  one 
side  of  the  box  form,  as  shown  in 
Fig.  1. 

TO    REPLACE    A    CONTINUOUS    FOUNDA- 
TION  WITH    CONCRETE 

This  can  be  done  by  the  farmer 
with  the  help  of  his  farm  hands  even 
where  buildings  are  quite  large  and 
the  foundation  is  of  the  continuous 
type,  requiring  jacking  up  of  the 
structure.  At  necessary  points  re- 
move a  few  heavy  stones  or  brick,  as 
the  case  may  be,  and  insert  short 
pieces  of  heavy  timber  to  wedge  up 
the  building.  The  building  should 
be  carefully  raised  by  this  means  un- 
til entirely  free  from  all  foundation. 
Then  remove  all  of  the  old  founda- 
tion and  set  in  place  the  forms  for 
the  concrete.  In  the  case  of  small 
buildings  it  is  usually  feasible  to 
raise  them  high  enough  to  allow 
working  room,  in  which  case  the 
form  may  be  filled  right  up  to  the 
top  with  concrete.  The  concrete 
should  be  a  wet  mixture  consisting  of 
I  part  Portland  cement,  2  parts  sand 
and  4  parts  stone. 

Should  the  building  be  too  large 
and  heavy  to  be  raised  to  a  height 
that  will  give  head  room,  merely 
make  the  foundations  3"  wider 
than  the  sill.  Then  when  the  forms 
are  carried  to  the  desired  height  the 
concrete  may  be  inserted  through 
this  extra  space.  To  facilitate  the 
placing  of  the  first  layers  of  concrete 
the  top  board  of  the  forms  may  be 
left  off  until  ready  to  place  the  last 
of  the  concrete.  This  last  batch 
should  be  very  wetw  The  concrete 
should  be  tamped  until  it  comes  up 
flush  to  the  bottom  of  the  sill  and  to 
the  entire  width  of  the  wall. 

Make  certain  that  a  space  is  left 
in  the  concrete  wall  under  and  on 
the  sides  of  the  underpinning  sup- 
port so  that  the  building  may  be  low- 
ered  onto   the    new    foundation   and 


Fig.  2 — JDetail  of  Form  Work 

the  timber  removed.  This  opening, 
of  course,  must  be  slightly  larger 
than  the  underpinning  support.  The 
building  should  not  be  lowered  until 
the  foundation  has  been  in  place  two 
weks,  and  after  this  is  done  the  open- 
ings occupied  by  the  underpinning 
may  be  filled  with  concrete. 

Fig.  2  shows  how  the  forms  should 
be  constructed. 


Concrete  Pergola,  Terre 
Haute,  Ind. 

A  properly  designed  pergola  adds 
an  indescribable  charm  to  the  lawn  or 
garden.  It  is  the  finishing  touch  to 
the  architectural  perfection  of  elabor- 
ate grounds  and  at  the  same  time  con- 
firms the  artistic  character  of  the 
modest  home.  It  is  equally  useful  as 
a  dainty  frame  for  a  bower  of  roses 
or  in  the  more  humble  mission  of  sup- 
porting the  rugged,  twisting  vines  of 
the  grape. 

The  pergola  shown  in  the  accom- 
panying   illustration    is    designed    in 


the  Grecian  Doric  style  of  architec- 
ture and  is  made  entirely  of  concrete, 
including  the  beams  and  girders. 
The  material  used  for  the  facing  was 
white  cement,  white  crushed  marble 
and  white  sand  in  the  proportions  of 
2:1 :3.  All  of  the  work  was  made  in 
either  iron  or  steel  molds.  The  col- 
umns are  spaced  8'  o.  c.  in  both  direc- 
tions and  consists  of  two  rows  of  four 
columns  each.  The  height  from 
grade  to  top  of  column  is  8'  8". 
The  large  girders  running  longitu- 
dinally are  5"  x  10''.  The  cross- 
beams are  4"  x  8".  All  beams  and 
girders  are  reinforced  with  corru- 
gated bars.  The  large  beams  have 
four  %-in.  square  rods,  and  the 
smaller  ones  four  l/4-in.  square  rods. 
The  pergola  was  erected  for  Dr.  J. 
D.  Roberts,  Terre  Haute,  Ind.,  and 
was  designed  and  manufactured  by 
The  Pettyjohn  Co.,  Terre  Haute. 
Medusa  White  Portland  cement^  and 
Medusa  waterproofing*  were  used  in 
the  construction. 


Washes  of  diluted  hydrochloric, 
acetic  or  oxalic  acid  may  be  used  to 
remove  efflorescence,  the  proportions 
being  from  1  part  acid  to  4  parts  to 
8  parts  of  water. 


In  the  use  of  artificial  coloring 
matter  it  is  well  to  remember  that  the 
shade  will  always  be  lighter  in  the 
cured  work  than  when  freshly  mixed. 


Shores  should  be  properly  capped 
with  plank  or  scantling  to  distribute 
the  pressure,  especially  where  the 
shores  are  used  to  support  floor  slabs 
or  beams  after  the  forms  have  been 
removed. 


'Sandusky  Portland  Cement,  Co.,  Sandusky, 
Ohio 


CoxcRETi:  Pergola  Terra  Haute,  Ind. 
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Fig.  1 — Two  Views  of  Concrete  House  with  Double  Walls,  Built  in  Binghamton,  N.  Y.,  for  $3,500 


Six-Room  House,  Double   Concrete  Walls,    Costs 
Complete,  $3,500 


The  6-room  house  shown  in  the 
accompanying  illustrations,  24'  6" 
X  36'  6"  in  plan,  has  double  con- 
crete walls  and  was  built  complete 
last  season   for  $3,500. 

It  is  the  home  of  Otto  W.  Gall, 
Binghamton,  N.  Y.,  designed  by  him- 
self and  built  by  William  S.  Snyder, 
contr.,  Binghamton.  Information  as 
to  the  construction  and  costs  is  sup- 
plied by  Mr.  Snyder. 


Added  to  the  principal  plan  dimen- 
sion given  is  a  porch  10'  x  23'.  The 
cellar  is  7'  6"  in  the  clear;  height 
of  first  uoor  9'  3",  second  floor  8* 
10",  full  height  of  house  to  roof 
plate,  including  cellar,  26'  6".  A 
Van  Guilder^  hollow  wall  machine 
was  used  in  the  construction. 


^Van   Guilder   Hollow   Wall  Co.,   Rochester, 
N.  Y. 


The  material  required  for  outside 
walls  including  footing;  cellar  walls, 
superstructure  and  porches,  was  116 
cu.  yds.  of  bank-run  sand  and  gravel, 
at  $1.25  per  cu.  yd.;  124  bbls.  Atlas' 
cement  at  $1.40  per  bbl.  The  con- 
crete was  mixed  1  part  cement  to  6 
parts  sand  and  gravel ;  $28  worth  of 
wire  ties  and  reinforcing  were  used. 
Workmen  employed  were:  one  oper- 
ator on  hollow  wall  machines  at  $4 
per  da.,  and  four  helpers  at  an  aver- 
age of  $2.25  per  da.;  21  das.  were 
occupied  in  the  work.  A  mixer  with 
a  hoist  attached''  for  carrying  the 
concrete  to  the  double  wall  machines 


2Atlas  Portland  Cement  Co.,  N.  Y.  C. 
=Jaeger  Machine  Co.,  Columbus,  Ohio 


Fig.  2 — First  and  Second  Floor  Plans,  House  in   Binghamton,  N.  Y. 
January,  1915 
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was  used.  A  charge  of  $1.00  per 
da.  was  made  against  tlie  lioiise  for 
the  mixer. 

The  footing  under  the  eelhir  wall 
is  of  solid  concrete  IS"  wide  by  12" 
deep.  The  cellar  walls,  8'  high, 
have  an  outside  wall  6"  thick  and 
an  inside  wall  4"  thick,  with  a  con- 
tinuous air  space  between  them,  but 
are  bound  together  by  many  galvan- 
ized iron  ties  with  bent  ends  running 


Vn.. 
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from  the  middle  of  one  wall  across 
the  air  space  to  the  middle  of  the 
other  wall. 

The  superstructure  and  porches 
have  double  i-in.  walls  with  the  same 
air  space  and  ties.  Each  wall  is  re- 
inforced with  wire  all  around  the 
building  every  9"  in  height.  The 
chimney  is  a  part  of  the  concrete 
wall  itself. 

The  entire  cost  of  the  concrete 
work  on  this  house,  including  footing, 
cellar  walls,  superstructure,  porches 
and  chimney,  was  $640.  The  cost 
of  the  walls,  including  1  ct.  per  ft. 
for  investment  in  machines  and  de- 
preciation, was  16  cts.  per  sq.  ft.  of 
wall  surface.  No  wooden  forms  were 
used;  the  machines  did  all  the  work 


Cost  and  Construction  Details  of  Double  Wall 
House  on  Long  Island 


Fio.  4 — View  Showinc;  Doiitix  Wall 

COXSTHUCTIOK 


Notes  on  the  construction  of  a 
large  concrete  residence  at  Lawrence, 
L.  I.,  for  J.  S.  Carvalho,  N.  Y.  C, 
and  the  accompanying  illustrations 
the  supplied  by  G.  S.  Mumford'  as 
follows : 

The  building  was  erected  by  the 
Unit-Wall  Construction  Co.,  N.Y.C., 
by  its  system  for  hollow  concrete 
walls  on  which  interior  plaster  is  ap- 
plied directly. 

Although  the  house  is  on  the  shore 
of  Jamaica  Bay  and  subject  to  fogs 
and  gales  off'  the  ocean,  no  dampness, 
condensation  nor  leakage  of  any  kind 
has  occurred. 

It  was  developed  in  the  course  of 

except  the  steps  leading  to  the  porch- 
es and  the  chimney  above  the  roof. 

Plaster  is  applied  directly  on  the 
inside  walls,  the  insulation  provided 
by  the  air  space  making  furring  and 
lathing  unnecessary.  Dampness  will 
not  penetrate  the  interior  and  con- 
densation is  prevented.  The  amount 
of  plaster  required  is  somewhat  less 
than  when  placed  on  lath. 

The  stucco  finish  is  applied  direct- 
ly on  the  outside  walls,  the  machines 
leaving  a  rough  surface  for  its  ap- 
plication. On  this  house  three  coats 
were  used  composed  of  light  colored 
sand.  Atlas  cement  and  hydrated 
lime.  The  third  coat  was  applied 
with  a  whisk  broom,  producing  a 
whip  eff'ect.  The  walls  are  entirely 
of  concrete  and  steel. 

Inside  the  house  the  first  and  the 
second  floor  are  double;  first  floor 
finished  in  oak;  second  floor  finished 
in  N.  C.  pine;  floors  filled  and  var- 
nished; all  partitions  throughout 
house,  except  where  sliding  doors 
run,  are  6"  thick;  partitions  where 
sliding  doors  run,  8"  thick;  floors  of 
kitchen  and  bath  room  of  composition 
flooring;  kitchen  trim,  N.  C.  pine, 
iiatiir.il  finish ;  all  other  trim  of  lower 
floor,  including  stairway,  cypress,  fin- 
ished with  one  coat  dark  mission 
stain;  all  second  floor  trim,  N.  C. 
))ine,  three  coats  white  enamel;  hot 
air  heat;  electric  lighting;  straight 
gas  kitchen.  Outside  trim,  cypress 
stained  with  tobacco  brown  creosote; 
slate  roof;  cost  of  house  to  the  own- 
er, complete,  $3,500. 

U'res.,   Unit-Wall  Constr.  Co.,   N.Y.C. 

'See  Concrete-Cement  Age,  Mar.,  1913,  p. 
):!r.,    ;in(l    May,    1913,   p.   218 


construction  that  it  is  possible  to  use 
large  quantities  of  fine  sea  sand  com- 
bined with  ordinary  gravel  and  ob- 
tain excellent  results.  In  this  case 
the  following  proportions  were  used 
in  all  walls  above  the  foundation:  1 
part  cement,  2  parts  fine  sea  sand 
and  4  parts  ordinary  gravel  passing 
a  %-in.  ring.  This  mix  was  turned 
once  before  putting  in  the  mixer. 
Sufficient  water  was  used  to  give  a 
product  wet  enough  to  flow  down  a 
steep  chute  but  not  so  wet  as  to  allow 
any  separation  of  excess  water  from 


Figs.  1,  2  and  3 — Tiiesk  Snow  the  Unit 
Wall  Syst1';m  in  Operation,  With  Spe- 
cial Hoisting  Apparatus  to  Raise  Unit 
Form  Sections  and  Inner  Core  Form 

January, 1915 
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the  aggregate.     No  tamping  was  re- 
quired. 

Forms  were  shifted  once  every  8 
hrs.  on  the  average.  The  resultant 
cast  was  extremely  favorable  to  plas- 
ter and  stucco  application,  as  sur- 
faces pitted  with  fine  pores  were  ob- 
tained which  gave  an  ideal  bond. 
While  the  mix  used  will  not  result  in 
a  cast  of  high  tensile  strength,  the 
strength  developed  was  ample  for 
the  loads  involved  and  a  wall  was 
obtained  uniformly  dense  and  homo- 
geneous. In  several  cases  where 
loads  were  negligible  and  the  wall 
limited  as  to  length  and  height,  as 
much  as  3  parts  sea  sand  to  3  parts 
gravel  were  used. 

The  system  used  by  the  builders, 
comprising  hidden  columns  of  rein- 
forcement tamped  concrete  tile  tied 
together  over  window  and  door  lin- 
tels by  tiers  of  divided  reinforced 
concrete  beams,  permitted  this  ex- 
periment in  aggregate  to  be  made 
with  comparative  safety. 

The  cost  of  commercial  gravel  in 
this  locality  varied  from  $1.75  to 
$2.25  per  yd.  The  sea  sand  was  ob- 
tained from  the  cellar  excavation, 
being  the  fine  sandy  silt  just  below 
the  top  soil  and  clay  common  to  this 
section. 

The  total  concrete  yardage  in  the 
walls  was  385,  the  dimensions  being 
62'  6"  X  41'  6"  X  SS'  6'',  footings 
to  plate.  The  time  of  erection  of 
walls  above  first  floor  beams  was  14 
working  das. 

The  conveying  apparatus  used  con- 
sisted   of    a    5-cu.    ft.    mixer^    with 


Fig.    4 — Runwats    for    Handling    Con- 
crete IN  Wheelbarrows  to  Forms 

Fig.  5 — The  Completed  House  at  Law- 
rence, L.  I. 

'Waterloo  Cement  Corp.,  Waterloo,  la. 
January,  1915 


hoist  and  bucket  dumjiing  into  a  very 
short  steep  chute,  which  in  turn  emp- 
tied into  wheelbarrows.  No  scaffold- 
ing whatever  was  erected,  runways 
over  horses  and  on  second  floor  beams 
being  substituted. 

The  cost,  (including  setting  and 
shifting  of  forms,  depreciation,  etc.) 
averaged  throughout  $5.50  per  cu. 
yd.,  divided  approximately  as  fol- 
lows 

Oravel,  2-3  yd.   @  $1.75 $1.17 

Sand,  1-3  yd.  @  $0.21 07 

Cement,  1.6  bbls.  @  $1.45  net 2.40 

Labor- — mixing  and  placing 1.40 

Labor — Shifting  runways,  scaffolding  and 
forms,  including  gasoline  and  depre- 
ciation    50 

$5.54 

As  the  walls  largely  consisted  of 
two  4-in.  slabs,  each  sq.  ft.  of  wall 
surface  represented  the  equivalent  of 
%  cu.  ft.  which  gave  a  cost  per  sq. 
ft.  of  wall  surface  of  14  cts. 

By  this  system,  window  and  door 
openings  are  handled  by  placing  the 
window  or  door  frame  in  the  wall  and 
running  up  a  brick  or  tile  jamb  on 
each  side  of  the  frame  previous  to 
pouring  concrete  up  to  and  around 
it.  By  this  means  large  forming  ex- 
pense to  obtain  true  arrises  is  ob- 
viated. 

The  double  concrete  walls  were 
formed  by  using  a  sheet  metal  core 
lined  with  zinc  on  the  outside  to  pre- 
vent adhesion  of  concrete.  These 
cores  were  non-collapsible  and  rested 
on  the  tops  of  the  side  forms,  their 
supporting  arms  acting  as  spacers. 
By  means  of  special  hoisting  appara- 
tus supported  from  above,  the  side 
forms  and  cores  were  raised  as  a  unit, 
it  being  found  practicable  to  with- 
draw the  cores  from  the  wall  by 
means  of  the  hoisting  power  gradual- 
ly applied.  To  aid  this  a  petroleum 
mineral  oil  was  used  profusely  on  the 
cores.  These  cores  were  in  standard 
2-ft.  sections  and  to  bridge  gaps  thin 
sheet  iron  side  pieces  supported  from 
and  lapping  cores  were  used.  In 
many  places  near  and  between  close- 
set  windows  it  was  found  more  con- 
vinient  to  insert  a  3-in.  tamped  con- 
crete tile  block  than  to  use  a  core 
mold ;  this  did  not  materially  increase 
the  cost  and  greatly  aided  the  speed 
of  operation. 

To  avoid  the  great  expense  of  mak- 
ing chases  for  numerous  floor  beams 
a  system  of  headers  and  trimmers 
was  used,  beveled  wood  blocks  being 
left  in  the  wall  to  which  the  headers 
were  spiked  at  short  intervals.  This 
also  greatly  strengthened  the  walls. 

The  exterior  trimmings  and 
porches  of  this  building  are  of  ma- 
sonry covered  with  a  1:1  white  ce- 
ment and  marble  chip  facing  with 
the  exception  of  the  balusters  which 
are  of  marble  chips  and  white  cement 
rubbed  down  after  casting.    To  avoid 


joints  and  cracks,  the  bases,  caps  and 
neckings  of  the  cohimns  were  cast  on 
after  tlie  columns  themselves  were  in 
j)osition  and  finished.  It  was  as- 
sumed that  by  so  doing  the  well 
known  principle  of  "shrinking  on" 
would  act  to  prevent  cracks  and  also 
allow  a  large  amount  of  connecting 
reinforcing  steel  to  be  dispensed 
with.  This  operation  was  very  suc- 
cessful and  up  to  date  no  cracks  have 
appeared.  All  porch  roofs  were 
tarred  and  then  covered  with  a  thin 
layer  of  reinforced  concrete. 


George  C.  Walters  Dead 

Just  as  Concrete-Cement  Age 
goes  to  press,  announcement  is  re- 
ceived of  the  death,  Dec.  19,  1914, 
of  George  C.  Walters,  President  of 
The  Concrete  Age,  Atlanta,  Ga.  This 
news  will  come  as  a  distinct  shock 
to  the  men  who  were  brought  in  con- 
tact with  him  at  the  meetings  of 
the  cement  and  concrete  organiza- 
tions all  over  the  country.  Mr.  Wal- 
ters was  an  enthusiast  and  took  an 
active  part  in  the  old  National  Assn. 
of  Cement  Users.  He  was  a  well 
known  figure  at  the  Cement  Shows 
and  he  will  be  missed  at  future  meet- 
ings. His  ready  cordiality  and  his 
evident  sincerity  made  him  a  man 
whose  hand  it  was  always  a  pleasure 
to  grasp,  and  there  are  many  who 
looked  forward  to  meeting  him  at 
Chicago  next  month. 

The  death  of  Mr.  Walters,  while 
it  came  quite  suddenly,  was  not  en- 
tirely unexpected.  He  had  been  in 
poor  health  for  some  time  and  had 
been  obliged  to  give  up  some  of  his 
many  active  interests.  The  real  sym- 
pathy of  the  entire  staff  of  Con- 
crete-Cement Age  goes  out  to  our 
esteemed  southern  contemporary, 
which  has  lost  from  its  organization 
a  man  and  a  gentleman. 


Acid  Washing 

In  regard  to  treatment  of  concrete 
products  with  acid  for  the  removal 
of  the  surface  film  of  cement,  I 
think,  from  the  standpoint  of  econ- 
omy, the  treatment  in  a  tank  for 
small  pieces  is  the  cheapest.  But 
for  larger  pieces,  the  use  of  a  rough 
brush  is  more  advisable.  I  use  no 
tanks  for  my  work  but  use  brushes 
and  a  solution  of  half  acid  and  half 
water,  after  the  goods  are  one  daj- 
old,  and  clean  off  with  clear  water. 
The  results  I  have  with  this  method 
are  satisfactory  to  me. — Julius  Ruoff, 
Philadelphia. 
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Two-Story  House  With  Walls  and  Floors  of  Con- 
crete, Built  for  Less  Than  $3,000 


The  two-story  house  shown  in  Fig. 
1  is  24'  X  25'  in  plan.  It  was  erected 
in  Springfield,  Mass.,  and  the  cost 
was  under  $3,000.  Walls  and  floors 
are  of  concrete.  The  following  de- 
scriptive notes  and  itemized  costs 
were  supplied  by  Walter  Denman^ 
who  was  in  charge  of  the  work  de- 
scribed. 

The  Lambic  steel  forms^  were 
used.  These  forms  are  the  evolution 
in  actual  practice  in  the  field  of  the 
use  of  a  steel  channel-shaped  unit 
which  may  be  set  vertically  for  the 
entire  height  of  one  story  and  also 
for  the  floors  without  the  use  of  shor- 
ing, bracing  or  wiring.  The  stand- 
ard unit  is  a  9-in.  channel  punched 
with  ^/v-in.  holes  about  every  10" 
with  each  leg  of  the  channel  punched 
in  two  locations  to  receive  a  small 
angle  wliieh  acts  as  a  lock  and  a 
liner. 

The  plates  are  fastened  together 
with  very  simple  clips  and  wedges 
which  hold  them  rigidly  in  place  and 
are  very  quickly  placed  or  removed. 
Openings  for  windows  and  doors  are 
built  into  the  forms  and  the  window 
frames  may  either  be  placed  before 
pouring  the  concrete  or  rough  wood 
stops  may  be  used  and  the  frames 
placed  with  plastic  waterproofing 
after  the  forms  are  removed. 

The  liner  lock  is  used  in  the  inner 
wall  form  to  receive  adjustable  I- 
beams  at  the  proper  height  below  the 
ceiling  line  to  receive  the  floor  plates. 
These     plates     are     interchangeable 


'Consulting  Engr.,  Springfield  Mass.,  Treas., 
Lambie-Demman,  Inc. 

^Their  use  in  house  construction  at  Mid- 
land, Pa.,  for  the  Pittsburgh  Crucible  Steel 
Co.  was  described  in  Concrete-Cement  Age, 
April,  191 1,  p.  159.  For  further  details  of  the 
form  unit  see  CoNCRFrrE-CEMENT  Age,  May, 
1913,  p.  255 


with  the  wall  plates  and  the  workmen 
do  not  need  to  select  any  special 
plates  as  a  rule  but  seize  the  first  one 
at  hand  and  place  it  either  in  the  wall 
or  the  floor  as  the  case  may  be. 

In  the  construction  of  the  house  at 
Springfield  a  foreman  who  was  a  car- 
penter was  employed  on  the  job  and 
after  laying  the  first  floor  he  thought 
it  would  be  advisable  to  use  2-in. 
plank  for  the  next  floor.  The  plank 
were  provided  and  he  started  to  place 
them  but  after  laying  three  or  four 
pieces  and  noticing  the  irregularities 
in  line  and  level  he  quickly  discarded 
them  and  returned  to  the  plates,  find- 
ing that  they  were  cheaper  to  handle 
and  more  quickly  placed  and  that 
they  also  served  to  bring  the  walls 
to  an  immediate  and  rigid  alignment. 

At  the  top  of  the  inner  wall  forms 
is  placed  a  release  angle  3"  in  height 
which  fastens  on  to  the  upper  ends  of 
the  plates,  the  top  of  which  is  exact- 
ly level  with  the  top  of  the  floor 
plates.  This  release  angle  is  of  great 
importance  in  the  building  and  will 
be  referred  to  later. 

The  best  method  is  to  set  up  the 
inner  wall  forms,  partition  walls  and 
floor  forms  before  setting  any  of  the 
outer  wall  plates.  Before  setting  the 
latter  forms,  nailing  strips  and  steel 
reinforcement  are  attached  to  the  in- 
ner forms.  The  reinforcement  in  the 
walls  consisted  of  ^/^-in.  rods  spaced 
18"  o.  c.  in  both  directions.  While 
the  inner  wall  forms  were  being  set, 
loops  of  l6"-ga.  wire  were  passed 
through  between  two  plates,  being 
spaced  every  4',  each  wire  passing 
around  one  of  the  clips. 

When  one  side  had  been  set  up  a 
man  and  a  boy  put  on  the  wooden 
nailing  strips  which  were  cut  2"  wide 
on  tlie  side  embedded  in  the  concrete. 
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\y./'  on  the  face  of  the  wall  and  1" 
thick,  this  beveled  form  holding  them 
perfectly  in  the  concrete  and  thus 
serving  the  purpose  of  nailing  strips 
to  which  the  furring  strips  might  be 
fastened.  As  soon  as  this  was  done, 
the  outer  form  was  begun  at  one  cor- 
ner and  two  gangs  of  three  men  each 
rapidly  placed  them  around  the  house. 

On  top  of  the  outside  row  of 
plates  is  placed  horizontally  a  belting 
course  made  of  an  8-in.  channel  which 
is  punched  about  every  4'  with  one 
l/2-in.  hole.  As  soon  as  the  inner  and 
the  outer  forms  are  set  the  reinforce- 
ment, consisting  usually  of  2-in.  plain 
rods,  is  laid  upon  the  floor  and  na- 
turally kept  away  from  the  surface 
of  the  floor  about  1^,4"  by  temporary 
risers  until  the  concrete  is  placed. 
Where  these  reinforcing  bars  come 
opposite  the  holes  mentioned  in  the 
belting  course  the  ends  are  threaded 
and  a  2-in.  sleeve  nut  put  on,  into 
which  is  inserted  a  6V2"i"-  bolt  which 
passes  through  the  hole  in  the  belt- 
ing course.  The  adjustment  of  these 
bolts  and  nuts  brings  the  belting 
course  into  perfect  line  and  holds  it 
there. 

The  concrete  is  then  poured,  using 
a  mixture  of  approximately  1 :2 :4  as 
wet  as  is  consistent  with  good  prac- 
tice. This  pouring  naturally  starts 
with  the  walls,  running  until  filled  to 
the  floor  level  and  then  the  floor  is 
poured  monolithic  with  the  walls. 
Openings  are  of  course  left  in  the 
floor  for  stair  wells,  plumbing,  etc., 
while  the  electric  light  conduits  are 
placed  directly  in  the  floor  slab.  The 
walls  and  floors  of  the  house  in 
Springfield  are  6"  in  thickness,  the 
longest  span  of  the  floors  being  12' 
3". 

It  was  found  that  it  was  possible 
to  remove  the  outer  forms  from  the 
wall  24  hrs.  after  pouring  the  con- 
crete, as  there  were  no  wires,  bolts  or 
anything  else  passing  through  the 
walls  and  holding  the  forms  together. 
The  bolts  above  mentioned  are  in  the 
floor  and  the  belting  course  is  not 
disturbed  until  after  the  succeeding 
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floor  has  been  poured  and  the  forms 
removed.  The  outer  wall  forms  are 
passed  up  to  the  floor  just  poured 
and  are  immediately  set  up  as  an  in- 
ner form  and  as  soon  as  this  is  set 
the  removal  of  the  inner  wall  forms 
is  at  once  begun.  For  the  average 
house  it  usually  takes  but  one  day  to 
remove  the  outer  wall  forms,  finish 
the  surface  by  brushing  it  out,  and 
reset  these  forms  for  the  inner  face 
of  the  next  story. 

It  is  in  the  removal  of  the  inner 
wall  forms  that  the  release  angle 
proves  its  tremendous  value,  for  by 
leaving  in  place  an  occasional  single 
9-in.  plate  supporting  the  adjustable 
I-beams  above  referred  to,  and  carry- 
ing the  floor  plates  and  concrete 
floor,  the  release  angles  can  be  taken 
off",  allowing  the  wall  plates  to  be  re- 
movel  without  disturbing  the  floor 
plates  in  any  way.  Another  very 
simple  way  of  doing  it  has  been  to 
put  temporary  shores  under  a  few  of 
the  plates,  removing  the  adjustable 
beams  entirely  and  taking  out  all  the 
inner  wall  plates  as  well  as  the  re- 
lease angles.  The  inner  wall  plates 
are  then  passed  up  to  the  next  floor 
and  set  on  top  of  the  belting  course 
to  which  they  are  fastened  by  clips 
and  wedges. 

It  will  be  observed  that  for  rapid 
practice  a  sufficient  quantity  of  plates 
is  required  to  set  the  inner  and  the 
outer  wall  forms  for  two  floors  and  a 
sufficient  number  of  belting  course 
pieces  to  go  around  the  house  on  two 
floors. 

A  very  remarkable  saving  in  the 
cost  of  finishing  the  surface  of  the 
concrete  was  made  by  the  quick  re- 
moval of  forms  so  that  the  surface 
could  be  either  rubbed  or  brushed 
out  while  green. 

With  a  gang  of  eight  men  it  was 
found  at  Springfield  that  the  outer 
forms  for  the  last  story  could  easily 
be  removed  in  one  day  and  the  sur- 
face brushed  out  with  bristle  brushes 
and  clean  water  to  expose  the  pebble 
aggregate.  In  order  to  get  contrast 
the  belting  courses  were  rubbed 
smooth  and  the  wall  spaces  between 
the  floors  were  brushed  out  to  expose 
the  aggregate,  and  a  careful  examina- 
tion of  all  of  the  walls  of  the  house 
failed  to  show  any  form  marks.  It 
was,  however,  found,  as  is  often  the 
case,  that  the  aggregate  so  brushed 
out  showed  the  joints  between  the 
various  layers  of  concrete  even  though 
it  was  poured  consecutively  and  with- 
uot  any  stoppage  whatever  but  it  took 
a  half  hour  to  make  a  complete  lift 
around  the  outside  walls  anc^  in  that 
time  the  heavy  aggregate  had  slightly 
settled,  leaving  a  very  thin  section 
of  the  finer  materials  which  naturally 
shows  in  the  walls,  although  not  of- 
fensively. 

January,  1915 


In  the  construction  of  the  first 
house  at  Springfield  the  labor  cost  of 
setting  and  removing  the  forms  was 


found  to  be  in  the  neighborhood  of 
4  cts.  per  sq.  ft.  but  it  must  be  taken 
into  consideration  that  this  was  done 


Fig.  2 — Inner  Basement  Forbis  Set  and  Nailing  Strips  and  Reinforcement  Being 

Placed 

Fig.  3 — Placing  Reinforcing  for  Floor 

Fig.  4 — Cellar  Forms  Remo\t:d  and  Set  for  First  Story  Walls  and  Second  Floor 

Fig.  5 — Furring  Strips  of  Interior  Ready  for  Plaster  Board 

Fig.  6 — Forms  Removed  From  First  Story,  Walls  Brushed  Out  and  Forms  Ready 
FOR  Pouring  Second  Story  Walls  and  Ceiling 
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by  a  crew  of  men  who  had  not  only 
never  seen  steel  forms  but  who,  with 
the  exception  of  the  foreman,  were 
common  laborers,  with  only  the  aver- 
age intelligence  of  this  class,  and  it 
is  worthy  of  note  that  in  setting  the 
forms  for  the  second  house  this  cost 
was  reduced  by  the  same  gang  of  men 
to  1.6  ct.  per  sq.  ft.  for  the  labor  of 
setting  them,  while  the  labor  of  re- 
moving is  considerably  under  I/2  ct. 
per  ft. 

For  the  floors  the  usual  method 
was  carried  out  of  placing  screens 
12"  o.  c.  and  filling  between  with  a 
very  lean  mortar  to  make  a  bearing 
for  %-in.  clear  maple  flooring.  The 
kitchen,  bathroom  and  front  vestibule 
were  covered  with  red  Karbolite,' 
making  a  floor  that  can  be  mopped 
with  hot  or  cold  water.  The  walls 
were  furred  with  1-in.  x  1-in.  furring 
strips  placed  12"  o.  c.  and  fastened 
to  the  nailing  strips  described  above. 
On  them  was  placed  plaster  board, 
with  one  coajt  of  plaster,  tinted  later 
in  pleasing  pastel  colors.  These  fur- 
ring strips  also  act  as  a  ground  for 
the  base  board,  window  and  door 
trim. 

Partitions  were  made  throughout 
the  house  by  using  one  thickness  of 
Keyridge*  which  was  fastened  to  the 
ceiling  and  the  floor  and  plastered  on 
both  sides.  The  stairway  leading 
from  the  first  to  the  second  floor  is 
unique  in  its  construction — made  by 
driving  holes  into  the  exterior  wall 
to  raise  a  14-in.  rod  in  the  top  and 
the  bottom  of  each  riser.  The  other 
end  of  the  rod  was  put  into  the  Key- 
ridge  partition  on  the  opposite  side 
of  the  stair  well  and  the  rods  then 
covered  with  expanded  metal  lath  of 
22-ga.  to  form  the  base  for  treads 
and  risers.  It  was  then  covered  with 
1"  of  1:2  mortar  made  of  Portland 
cement  and  sand  put  on  in  two  coats 
and  also  back-plastered  with  the 
same  material.  Mason  safety  treads, 
3"  in  width,  were  placed  in  the 
treads  of  the  stairway.  The  Ke^^idge 
partition  which  carries  the  rods  was 
plastered  with  2"  of  cement  mortar 
and  the  stairway  thus  became  very 
rigid.  The  construction  appeared 
rather  light  before  it  was  plastered 
but  it  was  found  that  the  bare  rods 
and  mesh  carried  the  weight  of  the 
average  man  on  any  tread  with  no 
trouble  at  all  and  on  completion 
would  carry  500  lbs.  on  any  tread. 

On  the  front  of  the  house  instead 
a  roofed  porch  a  pergola  of  wooden 
rafters  was  placed  on  concrete  col- 
umns made  in  a  Goshen  column 
form.'  A   small   hip    roof   was   built 

*Mason  Safety  Tread  Co.,  Boston 

♦Edwards  Mfg.  Co.,  Cincinnati 

'Goshen  Cement  Column  Co.,  Goslien.  Ind. 


over  tlie  front  doorway  and  covered 
with  cement  shingles  which  are  used 
over  the  bay  window  and  on  the  roof 
of  the  house. 

The  roof  shown  in  the  illustration 
is  really  a  false  roof  as  the  ceiling 
on  the  second  story  is  a  6-in.  slab  of 
concrete  sloping  slightly  from  the 
center  towards  the  outer  walls  and 
thoroughly  waterproofed;  but  in  or- 
der to  add  to  the  appearance  and  also 
to  make  the  upper  rooms  cool  in  the 
hottest  weather,  a  false  roof  was 
built  with  timber  frame  and  on  it 
were  laid  concrete  shingles  made  in 
the  Hansen  shingle  machine.*  These 
shingles  are  made  of  1 :2  mortar  and 
are  colored  with  pure  oxide  of  iron, 
giving  a  very  pleasing  red  roof  which 
sets  off"  the  house  very  nicely. 

The  woodwork  and  the  pergola  raf- 
ters were  painted  moss  green  and  the 
general  eff"ect  of  the  house  is  extreme- 
ly pleasing  although  the  lines  are 
very^simple.  It  may,  however,  be  ac- 
cepted as  axiomatic  in  concrete  that 
the  simpler  the  lines  of  concrete  ar- 
chitecture, the  better  the  final  ef- 
fect. 

The  house  has  a  living  room  11' 
X  18',  a  dining  room  12'  x  12'  and  a 
kitchen  9'  x  10'  6"  on  the  first  floor. 
On  the  second  floor  are  a  bathroom 
G'  X  8',  two  bedrooms  each  9'  6"  x 
11'  and  one  bedroom  9'  2"  x  10'  4". 
A  fireplace  was  built  into  the  dining 
room  and  ample  closet  room  is  pro- 
vided throughout  tlie  entire  house. 
The  complete  cost  of  this  liouse  is  in 
the  neighborhood  of  $2,885.00,  in- 
cluding the  work  above  described  and 
the  plumbing,  heating  and  lighting. 
Costs  are  itemized  as  follows  and  do 
not  include  superintendence  nor  prof- 
its. 

Actual  Cost  of  Springfield  House 

Cement,  150  bbls.  at  $1.60 $  240.00 

Sand,  50  yds.  at  30c 15.00 

Gravel,  90  yds.  at  |1.40 126.00 

Mix  and  place  123  yds.  at  $1.67 204.50 

Labor  on  forms,  9,888  sq.  ft  at  3.6  cts.  355.97 
Reinforcement  placed,  5,400  lbs.  at  2% 

cts 135.00 

Surface  finish,  3,860  sq.  ft.  at  2.4  cts.  94.00 
Fur   and   plaster,   200  sq.  yds.   at  50 

cts.   (contract)    100.00 

Partitions,  75  sq.  yds.  at  $1.40   (con- 
tract)       105.00 

Millwork  315.00 

Lumber    and   carpenters 275.00 

Hardware    43.00 

Maple  floors  103.00 

Flue  liners    15.50 

Jahant  furnace  (installed)    125.00 

Plumbing    (contract)    210.00 

Rlectric  fixtures  and  wiring  (contract)  100.00 

Fireplace   35.00 

Painting  (contract)    92.00 

False  roof  102.00 

Nails  and   miscellaneous 26.00 

Royalty,  2 1/2%  70.00 

$2,886.97 


New  Books 


Concrete  Roads  and  Pavements.  By 
E.  S.  Hanson,  Revised  Edition, 
cloth,  5l^"  x  7%",  338  pp.,  illus- 
trated. Cement  Era  Publishing 
Co.,  $1.50. 

The  publication  of  this  new  and 
considerably  enlarged  edition  of  Mr. 
Hanson's  book,  following  the  original 
edition  within  a  year,  is  strong  evi- 
dence of  the  reception  the  book  re- 
ceived and  of  the  rapid  development 
of  concrete  road  and  pavement  work. 
The  new  book  is  50%  larger  than 
the  first  edition,  additions  having 
been  made  to  various  chapters  and 
considerable  entirely  new  subject 
matter  introduced.  The  book  is  the 
only  work  so  far  available  for  road 
builders  which  comes  anywhere  near 
an  adequate  consideration  of  con- 
crete highway  construction  within 
the  compact  space  between  the  covers. 


Chemical  Reagents;  Their  Purity  and 
Tests.  Authorized  translation  of 
Priifung  der  Chemischen  Reagen- 
zien  auf  Rcinheit  (zweite  Auflage) 
von  E.  Merck.  By  Henry  Schenck, 
A.B.  (Harvard).  Second  edition, 
1914,  cloth,  6"  X  9",  199  pp.,  in- 
cluding index,  D.  Van  Nostrand 
Co.,  $1.00  net. 

Several  improvements  have  been 
made  in  the  new  edition  of  this  well 
known  work;  for  example,  many  new 
uses  of,  and  methods  of  testing  the 
reagent  chemicals  are  described,  as 
also  new  reagents  which  have  come 
into  use;  likewise  the  addition,  in 
parenthesis,  of  the  percentage  of  the 
minimum  amount  of  the  impurity 
which  the  test  would  recognize. 

The  table  at  the  end  of  the  book  on 
the  preparation  of  test  solutions,  with 
brief  instructions  for  making  them, 
is  of  value.  Altogether  the  work  is 
one  of  great  value  to  chemists,  and 
should  be  found  in  every  laboratory. 
The  index  of  authors,  to  whom  ref- 
erence is  made,  and  their  work,  is  of 
value.  The  subject  index  is  a  con- 
venience, although  the  work  is  ar- 
ranged alphabetically ;  and  it  consti- 
tutes a  good  cross-reference  list. 


Members  of  Concrete-Ckment 
Age's  staff"  will  be  glad  to  meet  you 
at  the  Chicago  Cement  Show — -Feb. 
10-17. 

'L.  Hansen  &  Co.,  Kansas  City,  Mo. 


The  present  decade  marks  many 
new  uses  for  cement  and  none  more 
important  than  in  mines  and  mining 
operations.  At  the  60th  general 
meeting  of  the  Institution  of  Mining 
Engrs.  held  recently  in  London  an 
interesting  paper  was  read  dealing 
with  the  sinking  and  equipment  of  a 
large  coal  mine  in  the  Durham  dis- 
trict in  England. 
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Figs.  25,  26  and  27— Wall  Slabs  Being 
Set  in  Place  — ^  Note  Paneled  Inner 
Surface  in  Fig.  27 

Houses  at  Forest  Hills 
Gardens 

(Continued  from  page  8) 

moved  to  and  from  the  building- 
operation  on  the  same  industrial  rails 
used  for  the  transportation  of  units, 
can  be  moved  by  means  of  its  own 
power,  or,  as  was  the  case  after  com- 
pletion of  this  group,  hauled  by  an 
ordinary  heavy  steam  roller.  Fig.  17 
shows  a  portion  of  the  excavation 
ready  for  the  first  three  houses  with 
the  footings  laid  and  leveled,  and  the 
crane  moved  up  to  the  edge  of  the 
excavation  ready  for  operation.  This 
crane  has  a  lifting  capacity  of  5  tons 
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with  a  swing  of  270°,  a  40-ft.  hoi.st 
and  a  lO-ft.  clear  reach,  so  that  it 
could  ))ut  the  chinnicy  tops  on  this 
grouj)  of  liouses,  substantially  equiva- 
lent to  tliree  stories  in  licight.  Jt  is 
obvious  tliat  sucli  an  equipuu-nt  and 
layout  are  too  elaborate  for  economy 


Figs.  28  and  29 — Above  is  Shown  Floor 
Construction  with  Hollow  Slabs;  Be- 
low Floor  Construction  with  Pre-Cast 
Beams,  the  Beams  Being  Hoisi-ed  Into 
Place 


Fig.  30— Pre-Cast  Floor  Beams  in  Place 


Fig.  31 — Ornamental  Chimney  Top  Be- 
ing Lifted  Into  Place 

in  any  but  large  operations,  the  der- 
rick alone  costing  $7,000  or  $8,000. 

The  subsequent  illustrations  of  the 
process  of  erection  need  very  little 
further  explanation,  the  progress  of 
the  first  section  of  the  group  being 
shown  in  Figs.  17  to  24,  and  detail 
views  illustrating  methods  of  han- 
dling and  various  types  of  sections  in 
Figs.  25  to  31. 

The  electric  crane,  operating  above 
the  storage  yards,  lifted  the  founda- 
tion \)lock  onto  cars  which  followed 
the  tracks  laid  down  for  the  derrick, 
and  were  relieved  by  it  of  their  bur- 
den which  was  swung  into  place  on 
the  footings  already  prepared.  When 
all  the  foundation  walls  were  in  place 
they  were  bedded  solidly  upon  their 
footings  by  grouting  from  on  top 
through  the  core  holes  and  by  this 
method  also  the  tongue-and-groove 
joint  was  made  perfect.  In  this 
group  all  joints  were  later  coated 
from  the  outside  with  oakum  and 
pointed  up  over  it. 

In  the  original  experimental  house 
erected  the  floor  and  wall  sections 
contain  rabbets,  so  as  to  give  a  me- 
chanical obstruction  to  leakage  from 
the  outside.  This  was  entirely  satis- 
factory; and  in  the  second  house  an 
experiment  of  omitting  this  mechani- 
cal lock  was  tried  in  order  still  furth- 
er to  economize  in  the  cost  of  manu- 
facture. For  more  than  a  year  there 
was  no  trouble  even  under  these  con- 
ditions, and  in  view  of  that  experi- 
ence the  same  design  was  adopt- 
ed for  the  group  at  Forest  Hills 
Gardens.  Later  on,  however,  trouble 
was  experienced  with  these  straight 
joints;  and  as  it  was  too  late  to 
modify  the  design  the  caulking  proc- 
ess was  resorted  to  in  order  to  avoid 
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any  trouble  of  this  nature.  Obviously 
in  future  operations  the  rabbet  will 
again  be  introduced,  experience  hav- 
ing shown  that  the  only  vulnerable 
point  is  the  joints,  and  almost  en- 
tirely in  the  horizontal  ones.  In 
no  case  has  experience  shown  that 
dampness  has  made  its  way  through 
properly  cast  hollow  wall  sections  of 
the  design  here  illustrated. 

In  placing  the  luiits,  the  crane 
actually  handled  2,000  cu.  ft.  in  a 
da}',  not  working  by  any  means  to 
its  full  cajiacity  but  handling  all  the 
units  which  could  be  placed  and 
grouted  by  eight  men.  Two  of  these 
men  attended  to  placing  and  six  to 
grouting. 

When  the  basement  tier  of  wall 
sections  had  been  set  and  grouted  the 
floor  slabs  were  in  turn  hooked  iip 
by  the  four  corners  and  laid  in  their 
proper  positions  on  tlie  basement 
slabs  and  similarly  grouted  in  place. 
The  outermost  floor  slabs  show 
through  the  wall,  project  over  it  a 
little  and  are  provided  with  a  wash 
and  drip.  The  exposed  surface  was 
usually  arranged  to  be  a  closed  side, 
but  when  tlie  naturally  cored  end  of 
the  slab  was  exposed  it  was  plugged 
and  finished  like  a  side  adjoining 
floor  slab  and  its  ends  and  sides  were 
anchored  together  with  iron  straps 
let  in  and  grouted.  Abutting  ends 
were  grouted  together  and  for  this 
]nirpose  thin  sheet  metal  caps  were 
placed  over  the  upper  ends  of  the 
wall  slabs  which  carried  them  so  as 
to  hold  the  grout.  Upper  walls  and 
floors  were  similarly  constructed. 

As  will  be  seen  in  Fig.  28  wall 
slabs  adjoining  an  opening  have  a 
groove  toward  it  into  which  were 
slipped  wooden  window  and  door 
frames.  It  will  be  noted  that  every 
floor  shows  through  and  that  every 
feature  of  construction  writes  itself 
on  the  outside  of  the  building  so  that 
he  who  runs  may  read.  This  is  the 
gospel  of  architecture  and  it  has 
scarcely  ever  been  so  closel'  attained 
in  anything  but  a  concrete  building. 

Pre-eastihg  concrete  slabs  insures 
scientifically  placed  reinforcement, 
uniform  setting  and  sufficient  curing. 
It  is  attended  by  none  of  the  difficul- 
ties of  adverse  weather  conditions, 
untrueness  of  forms,  and  un[)re|)ared- 
ness  for  load  carrying  which  are  tlie 
niglitinares  of  the  monolith.  It 
makes  possible  the  use  of  casting 
machinery  and  standard  molds,  so  as 
to  avoid  wastage  of  all  kinds  inci- 
dent to  ordinary  casting  work  in  situ; 
it  permits,  as  well,  a  reduction  of  the 
factor  of  safety  to  a  more  scientific 
point  both  in  materials  and  design ; 
it  off'ers  opportunity  for  all  the 
economies  incident  to  factory  condi- 
tions. 

Quite  apart  from  its  economic  as- 
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pects,  its  stability  and  its  fireproof- 
ness — properties  common  of  course 
to  all  properly  built  concrete  struc- 
tures it  is  evident  from  the  demon- 
stration described  that  there  is  a 
further  distinct  advantage  in  the  im- 
portant saving  in  time  accomplished 
under  any  system  which  manufac- 
tures a  house  substantially  in  the 
factory  instead  of  on  the  scaff'old, 
as  has  been  the  ordinary  custom.  Up 
to  the  present  Mr.  Atterbury's  sys- 
tem of  standardized  hollow  sectional 
construction  requires  a  plant  incom- 
patible with  economy  in  small  opera- 
tions, but  the  same  might  once  have 
been  said  about  erecting  structural 
steel. 

To  an  architect  the  most  satisfy- 
ing thing  about  this  crescent  of  con- 
crete dwellings,  set  in  sharp  compe- 
tition as  to  appearance  with  some  of 
the  best  small  suburban  houses  in 
America,  is  that  the  group  holds  its 
own  in  color,  texture  and  design  in 
spite  of  the  fact  that  it  is  composed 
of  "standard"  sections  made  out  of 
ordinary  sand,  gravel  and  cement, 
and  that  the  manufacture  of  the  floor 
and  wall  sections  of  the  entire  group 
of  houses  was  accomplished  with  only 
six  steel  molds. 


Fig.    33 — Interioe    View    of    Wall   and 
Ceiling 


Joints  between  day's  work  in  con- 
crete construction  should  be  at  same 
feature  line,  or  be  made  truly  straight 
and  level. 


\' \Y.\\  oi    I'oiiEST  Hills  Gardens  I'actohv  and  .Moxahii;  (^  hank  or  Derrick 
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Organizations      ° 


American  Concrete  Institute,  Kdward 
E.  Krauss,  Secretary,  Harrison  Building-, 
Philadelphia,  Pa.  Convention,  Auditori- 
um Hotel,  Chicago,  Feb.  9-12,  1915. 

American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  538  S.  Clark 
St.,  Chicago.  Convention,  Chicago,  Feb. 
15  and  16. 


American  Highway  Association,  I.  S. 
Pennybacker,  Jr.,  Executive  Secretary; 
Charles  P.  Light,  Business  Manager;  Col- 
orado  Bldg.,   Washington,   D.   C. 

American  Road  Builders'  Association, 
Secretary,  E.  L.  Powers,  150  Nassau  St., 
N.  Y.  C. 

Association  of  American  Portland  Ce- 
ment Manufacturers,  Percy  H.  Wilson, 
Secretary,  Bellcvue  Court  Building, 
Philadelphia,  Pa. 

Cement  Products  Exhibition  Co.,  208 
S.  LaSalle  St.,  Chicago,  111.;  J.  P.  Beck, 
General  Manager.  Show,  Chicago  Coli- 
seum, Feb.  10-17,  1915. 

Iowa  Association  of  Cement  Users,  Sec- 
retary, H.  H.  Dean,  Glenwood,  la. 

Mid-West  Cement  Show,  Omaha,  Neb., 
Mar.  2-6,  1915. 

National  Conference  on  Concrete  Road 
Building,  J.  B.  Beck,  Sec,  208  S.  LaSalle 
St.,  Chicago. 

Nebraska  Cement  Users'  Association, 
Secy.-Treas.,  Frank  Whipperman,  Omaha, 
Neb.  Convention,  Omaha,  Mar.  2-6,  in 
connection  with  Mid-West  Cement  Show. 


The  Cement  Show,  Chicago, 
Feb.  10-17 

The  annual  Cement  Show  of  the 
Cement  Products  Exhibition  Co.,  in 
the  Coliseum,  Chicago,  Feb.  10-17, 
is  something  which  contractors,  archi- 
tects and  engineers  cannot  well  af- 
ford to  miss. 

It  has  been  commonly  supposed 
that  this  show  is  for  the  "concrete 
man."  And  who  is  tlie  concrete  man? 
Nowadays  he  is  practically  every 
man  who  is  designing  or  constructing 
buildings,  roads,  bridges,  dams,  side- 
walks, silos,  sewers,  or  factory-made 
units.  The  general  contractor  who  is 
not  fully  equipped  to  do  concrete 
work  is  no  longer  a  general  contrac- 
tor. As  the  progress  in  concreting 
is  wonderfully  rapid  from  year  to 
year,  it  is  not  only  true  that  more 
architects,  contractors  and  engineers 
have  occasion  to  use  the  material  but 
that  they  must  keep  abreast  of  that 
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progress  and  familiarize  themselves 
with  the  materials,  methods  and 
equipment  involved  in  the  use  of 
concrete  or  else  lose  step  in  the  pro- 
cession. The  Cement  Show  is  the 
biggest  single  opportunity  of  the 
year. 

In  many  sections  of  the  country 
building  operations — construction  in 
general — have  slackened,  3'et  where 
work  has  been  stopped,  there  will  be 
more  work  to  be  done  this  year. 
Everywhere  there  is  ample  evidence 
of  a  return  of  activity,  with  the  rail- 
roads— always  an  index — leading  tlie 
van.  In  the  particular  case  in  liand 
perhaps  the  best  indication  of  the 
outlook  in  the  construction  world  is 
in  the  fact  that  every  inch  of  exhibi- 
tion space,  the  management  announc- 
es, has  been  sold. 

Another  reason  why  Chicago 
should  be  the  Mecca  Feb.  10-17  is  the 
fact  that  at  that  time  of  the  Cement 
Show  conventions  will  be  held  in  Chi- 
cago by  the  Am.  Concrete  Inst.,  Am. 
Concrete  Pipe  Assn.,  Nat.  Builders' 
Supply  Assn.,  Illinois  Assn.  of  Mu- 
nicipal Contractors,  and  Illinois 
Lumber  and  Builders'  Supply  Deal- 
ers Assn. 


Am.    Road    Builders'    Assn. 
Convention  and  Exhibition 

The  fifth  American  Good  Roads 
Congress  and  the  11th  annual  conven- 
tion of  the  Am.  Road  Builders'  Assn. 
were  held  in  Chicago  Dec.  14-18, 
191 4.  The  exhibition  of  roads,  road 
materials,  machinery  and  accessories, 
in  the  International  Amphitheater  at 
the  Stockyards,  was  probably  the 
most  pretentious  in  extent  ever  held. 

It  was  a  long  way  from  the  down- 
town stopping  places  of  most  of 
those  attending  the  Congress,  but 
when  the  delegates  finally  reached 
the  place,  they  remained,  in  most 
cases,  throughout  the  day.  The  cen- 
tral arena  of  the  Amphitheater  held 
a  parked  space  surrounded  by  a  track 
in  which  were  sample  sections  of 
practically  all  types  of  pavement. 
Outside  this  track  were  the  exhibi- 
tions of  municipalities,  states  and  of 
the  U.  S.  Office  of  Pub.  Roads.  In 
one  wing  of  the  Amphitheater  was 
machinery  and  in  the  other  wing  were 
the  materials  and  accessories.  The 
machinery  exhibit  attracted  a  great 
deal  of  attention  and  there  were  two 
distinctly  new  things  to  be  seen,  of  es- 
pecial interest  in  the  concrete  field, 
a  big  road  mixer^  equipped  for  cater- 
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pillar  traction  to  (>l)viate  the  use  of 
planking  on  the  sub-grade;  and  an- 
other mixer''  with  automatic  batch 
indicator  to  be  set  to  ring  a  bell  when 
a  batch  has  been  turned  a  desired 
number  of  times  and  to  count  the 
batches,  as  a  check  upon  cement  and 
other  material  quantities.  Both  these 
new  items  of  equipment  will  be  de- 
scribed in  an  early  issue. 

The  meetings  of  the  convention 
were  held  in  a  hall  at  tlie  Stockyards 
Inn,  immediately  adjoining  the  ex- 
hibition building,  and  for  the  most 
part  the  program  carried  out  was  as 
previously  announced  in  this  maga- 
zine. 

Monday,  Dec.  14,  was  registration 
day.  Tuesday  was  Chicago  and  Illi- 
nois day,  with  addresses  of  welcome, 
responses  and  a  general  program. 
Wednesday,  Thursday  and  Friday 
were  the  most  valuable  days  for  the 
road  builder.  There  was  generous 
provision  on  the  program  for  discus- 
sion of  practically  all  of  the  papers 
presented,  though  this  was  not  taken 
advantage  of  as  fully  as  could  have 
been  desired.  If  a  general  criticism 
were  to  be  made  it  would  be  that 
there  should  have  been  more  discus- 
sion. It  was  sometimes  necessary  to 
cut  short  the  discussion  of  one  paper 
to  allow  time  for  another  paper  to 
be  read. 

Material  presented  at  the  conven- 
tion having  special  bearing  on  con- 
crete road  and  pavement  work  will 
be  published  in  the  Feb.,  1915,  issue. 


National   Lime    Mfrs.    Meet 
in   Washington,  Feb.  3-4 

The  annual  meeting  of  the  Nation- 
;A  Lime  Mfrs.'  Assn.  will  be  held  in 
Washington,  D.  C,  Feb.  3-4,  1915, 
at  the  New  Willard  Hotel.  This 
meeting  will  afford  an  opportunity 
to  observe  the  investigations  of  the 
different  classes  of  materials  for 
plastering,  lime,  gypsum,  cement  mix- 
tures, etc.,  that  are  being  conducted 
in  the  Bur.  of  Standards.  A  strong 
cilort  will  be  made  to  overcome  the 
prejudice  on  the  part  of  the  Treasury 
Dept.  in  the  omission  of  lime  from 
its  specifications  for  public  buildings, 
and  this  can  be  done  only  by  bring- 
ing engineers  and  architects,  inter- 
ested in  the  subject,  to  the  meeting, 
ll  is  expected  that  Dr.  Stratton,  chf. 
of  the  Bur.  of  Standards,  under 
whom  the  investigation  of  lime  is  be- 
ing conducted,  will  be  in  attendance. 


-Koehrin?  Macli.  Co.,  Milwaukee 
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New  Equipment,   Methods  and  Materials : 


New  Tools  with  Which  the  Industry  Works 


n 


The  ixrogress  of  tJic  Concrete  Field  is  measured  by  the  development  of  its  tools.  Manufactur- 
ers are  constantly  producing  neiv  and  better  methods,  materials  and  machines.  These  are  of  real 
interest  to  those  men  tvho  want  to  imjjrove  the  quality  of  their  work,  decrease  its  cost,  increase  its 
quantity.     Here  are  published  descriptions  of  recent  developments  in  the  field.  u  n 


A  Metal  Spraying  Process  for 
Coating  Ornamental  Products 

A  metal  coating  process  which  is 
capable  of  being  apj^lied  to  ornamen- 
tal products,  such  as  statues,  sun- 
dials, garden  ornaments,  etc.,  which 
can  be  sprayed  in  a  ver}^  short  time 
with  bronze  or  other  metal,  to  give 
a  pleasing  result,  has  recently  been 
put  on  the  market.  By  means  of  a 
small,  simple  apparatus  shown  in 
Figs.  1  and  2,  a  thin  coating  of  molt- 
en metal  is  sprayed  over  the  concrete 
surface  without  heating  or  injuring 
that  surface.  The  process  is  known 
as  the  Schoop  process,  and  the  spray- 
ing device  is  called  a  pistol. 

The  new  process,  which  is  entirely 
different  from  the  two  metal-coating 
processes    in    most    extensive    use — • 


electro-plating  and  dipping — consists 
of  reducing  metal  wire  to  an  impal- 
able  condition  by  means  of  an  oxy- 
hydrogen  flame  and  then  forcing 
these  metallic  particles  with  great 
velocity  against  the  surface  of  the 
object  to  be  coated.  The  particles 
then  embed  themselves  in  the  sur- 
face of  the  piece  to  be  plated 
and  homogeneously  unite  with  the 
succeeding  particles  that  are  pro- 
jected upon  them.  The  result  is  an 
even  coating  of  deposited  metal  ad- 
hering to  the  coated  object.  The 
spraying  is  done  by  the  special  torch 
or  pistol  shown  in  Fig.  2,  the  wire 
being  fed  into  the  pistol  from  one 
side  and  emerging  at  the  torch  end  in 
a  fine  spray.  By  means  of  this  pro- 
cess, it  is  possible  to  coat  not  only 
ornamental    concrete    products,    but 


»5^i*t.<r-  .. 


Fig.  2— View  Showing  Pistol  Complete 
FOR  Service,  Used  in  the  Schoop  Metal 
Spraying  Process 


other  substances,  such  as  wood,  pa- 
per, cloth,  stone,  etc.,  with  lead,  tin, 
zinc,  aluminum,  copper,  brass,  bronze, 
German  silver,  gold  and  even  steel. 
It  is  claimed  to  be  the  only  method 
known  of  plating  with  aluminum  and 
steel.  Tanks  of  commercial  hydro- 
gen and  oxygen  with  reducing  vol- 
umes and  a  supply  of  compressed  air 
are  the  only  requisites  for  operating 
the  pistol  on  any  metal  in  the  form  of 
wire. 

The  Metals  Coating  Co.  of  Amer- 
ica, 122  So.  Michigan  Ave.,  Chicago, 
controls  the  rights  of  this  process  in 
America.  This  concern  issues  li- 
censes for  the  use  of  the  process  and 
leases  the  spraying  pistols. 


Pig.  1 — Co.MPiKTr;  Ottkit  (  onsistinc;  of  1' 
Metal  Spraying  Process 
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Star  Drilling  Machinery — The  Star 
Drilling  Machine  Co.,  Akron,  Ohio,  pa- 
per, 9%"  X  7%",  108  pp.,  illust.  This 
well  illustrated  catalog  takes  up  in  a  com- 
prehensive manner  Star  portable  drilling 
machines,  engines,  jars,  bits,  drilling  and 
fishing  tools.  Detailed  specifications  are 
given,  as  well  as  price  lists.  The  cata- 
log is  bound  in  lose-leaf  form,  neatly  ar- 
ranged and  thoroughly  indexed. 
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The  Cement  Show 

/GETTING  Together"  was  the  caption  over  a 
^-^  paragraph  on  this  page  one  year  ago.  It  had  to 
do  with  the  Cement  Show.  There  is  very  little  more 
to  be  said  now  than  was  said  then.  In  getting 
together  lies  the  spirit  of  progress.  For  one  man^ 
or  one  set  of  men,  or  men  in  a  single  community, 
to  feel  that  he  or  they,  alone,  without  the  rest  of 
the  world  and  its  progress,  can  keep  abreast  of 
the  world's  progress  is  monstrous  presumption.  A 
prophet  may  live  alone  upon  a  mountain  but  a  doer 
who  is  competing  in  skill,  in  price  and  in  service 
with  other  doers  of  the  world's  work  cannot  afford 
to  miss  an  opportunity  to  acquire  as  much  as  pos- 
sible of  the  efficiency  of  his  competitors.  No  better 
means  is  offered  for  accomplishing  this  thoroughly 
or  in  a  short  time  than  the  Chicago  Cement  Show, 
Feb.  10-17.  Meeting  the  thousands  who  will  as- 
semble at  the  Show  and  at  the  various  conventions 
which  aim  to  epitomize  the  year's  knowledge  of 
progress  in  the  field  will  prove  the  right  oppor- 
tunity to  the  ambitious  man. 

The  Fleetness  of  Untruth 

T^fHEN  a  mis-statement  starts  on  its  travels  it 
is  hard  for  the  truth  to  overtake  it,  and  this 
fact  is  quite  exemplified  in  articles  that  are  appear- 
ing here  and  there  in  connection  with  the  Edison 
fire.  The  Shenandoah,  Pa.,  Herald,  commenting  on 
the  fire,  says : 

So  "the  very  last  word  in  fireproof  construction"  suc- 
cumbed to  the  flames  to  all  intents  and  purposes  just 
about  as  completely  as  any  old-fashioned  structure  would 
have  done  in  similar  circumstances.  The  "perfect  exam- 
ple" of  safety,  largest  of  its  kind  and  pictured  as  a  model 
for  the  world,  is  found  to  have  been  a  fire-trap. 

And  all  this  without  awaiting  the  investigation 
of  the  disaster  and  the  discovery  of  the  real  facts 
in  the  case.  Take  this  article  as  it  stands  and  com- 
pare it  with  the  clear,  cold  statements  made  by 
engineers  and  the  scientific  papers  after  the  real 
investigation  into  the  fire  and  see  how  far  it  is  from 
the  truth,  and  then  think  how  long  it  will  be  before 
the  actual  scientific  truth  will  ever  overtake  these 
columns  of  mis-statements  which  are  doubtless  be- 
ing read  by  uninformed  readers  in  all  parts  of  the 
country. 


The  "Block  'Business" 

T  T  is  an  unpleasant  commentary  on  the  "block 
business"  when  a  manufacturer  of  a  new  wall 
unit  introduces  it  to  architects  with  the  words:  "I 
am  not  offering  you  a  concrete  block."  This  "talk- 
ing point"  is  mentioned  elsewhere  in  this  issue  in 
an  account  of  the  sales  methods  of  a  structural  tile 
manufacturer.  The  situation  in  the  field  of  con- 
crete building  units  is  really  not  so  serious  as  this 
seems  to  indicate.  There  are  a  great  many  archi- 
tects using  factory-made  building  units  of  concrete 
and  finding  them  suitable  in  every  way,  not  only  to 
structural  but  to  architectural  requirements.  The 
tile  manufacturer  is  merely  taking  advantage  of 
the  architects'  familiarity  with  a  poor  class  of 
units — and  this  is  another  way  of  saying  that  the 
poor  unit,  architecturally,  has  been  in  evidence 
more  than  the  good  unit.  Concrete  stone  manu- 
facturers can  get  but  one  suggestion  from  such  a 
situation — they  will  profit  by  a  thorough  study  and 
a  prompt  adoption  of  methods  which  insure  build- 
ing units  that  meet  architectural  requirements. 
These  methods  are  understood  and  used  success- 
fully by  enough  manufacturers  in  various  parts  of 
the  country  to  warrant  their  more  general  adoption. 

A  Basic  Building  Code 

/^F  the  making  of  building  codes  there  is  no 
^^^  end.  Each  city  seems  to  have  its  own  set  of 
experts  and  each  one  desires  to  make  its  own  speci- 
fications. Out  of  this  great  trouble  and  great  con- 
fusion have  grown.  When  in  New  York  some  years 
ago  a  new  building  code  was  proposed  political  in- 
fluences were  wielded  practically  to  exclude  con- 
crete and  to  substitute  in  almost  every  case  hollow 
tile.  This  led  to  a  bitter  and  prolonged  fight  be- 
tween the  representatives  of  the  two  materials  of 
construction.  The  principal  reason  for  this  contest, 
which  ended  in  the  defeat  of  the  proposed  code, 
was  that  the  establishment  of  the  standard  in  the 
great  metropolis  of  New  York  would  have  a  bear- 
ing on  the  specifications  of  all  other  cities  in  the 
country.  If  the  present  suggestions  of  the  Ameri- 
can Institute  of  Architects  for  the  preparation  of 
a  basic  building  code  are  carried  out,  dangers  of 
this  kind  will  no  longer  occur. 


Towr.R  OF  THE  Pi:rkix3  Ixstitu'ji;  for  the  Buxd,  Watertowx,  Mass.     Trim   of  Coxcrete   Stoxe   Made   by   ]<:jiersox   &   Norris 
Co.,  BOSTOX 

SxArawAY  IX  Xew  Havex,  Coxx.,  Residexce.     Coxcrete  Stoxe  Made  by  New  Exgland  Stoxe  Co.,  New  Havex 

Hamiltox  Coi.ijcge  Library,  Clixtox,  N.  Y.     Trim,  Ixcludixg   Elaborate  Extraxce,  of  Coxcrete  Stoxe  Made  by  Oxoxdaga 
LiTHOLiTE  Co.,  Syracuse,  N.  Y. 
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Methods  and  Costs  in  Constructing  Factory 
Building  at  Houston,  Texas 


By  Lj:e  A.  Hoynck' 


The  reinforced  concrete  factory 
building  shown  in  Figs.  1  to  l6  in- 
clusive and  described  in  the  follow- 
ing article  was  constructed  in  the 
spring  and  summer  of  1913  for  the 
Texas  Bag  &  Fibre  Co.  at  Houston, 
Tex.  It  is  located  in  the  northeast- 
ern part  of  the  city,  and  owing  to  its 
size  and  appearance,  will  j^robably 
be  a  landmark  for  that  part  of  the 
city  for  some  years. 

With  due  regard  for  the  purpose 
of  manufacturing  cotton  and  burlap 
bags,  careful  consideration  was  given 
to  such  features  as  light,  column 
spacing  for  properly  locating  ma- 
chinery and  other  important  factors. 

GENERAL    DESIGN 

The  building  is  80'  wide  and  218' 
long,  consisting  of  three  stories  and 
basement.  The  ceiling  heights  are 
14-',  giving  ample  clearance  for  pul- 
leys, machinery,  etc. 

Various  systems  of  reinforced  con- 
crete framing  were  carefully  con- 
sidered in  the  preliminary  designs, 
but  the  plain  beam  and  slab  construc- 
tion was  finally  adopted  as  being  the 
most  convenient. 

Column  spacing  of  12'  x  20'  was 
adopted;  beams  are  12"  x  28",  run- 
ning parallel  to  the  short  side  of  the 
building;    slabs    vary    from    6Vi"   to 

^St.  Louis,  Mo. 


6%"  thick  (see  Fig.  3)  ;  and  span- 
drel beams  do  not  drop  below  the 
bottom  of  the  slab,  thus  giving  a 
maximum  area  for  sash. 

Brick  work  was  kept  down  to  a 
minimum,  owing  to  the  usual  con- 
sideration of  light  and  also  to  the 
high  cost  of  brick  in  Houston.  By 
omitting  walls,  except  below  the  sill 
line,  and  using  steel  sash^,  a  maxi- 
mum of  about  65%  light  area  was 
obtained  for  the  manufacturing  floor. 

Live  Loads — The  following  live 
loads  were  used  for  the  floor  and 
roof  system  in  addition  to  the  dead 
weight  of  the  structure: 

First  floor   250  lljs.  per  sq.  ft. 

Second  floor   200  lbs.  per  sq.  ft. 

Third  floor   250  lbs.  per  sq.  ft. 

Roof    50  lbs.  per  sq.  ft. 

The  live  load  of  200  lbs.  per  sq.  ft. 
for  the  second  floor  provided  for 
manufactured  goods  and  machinery, 
which  gave  a  lower  loading  than  for 
raw  material  to  be  stored  on  the  first 
and  third  floors. 

The  somewhat  unusual  live  load 
for  Southern  latitudes,  50  lbs.  per 
sq.  ft.,  used  in  designing  the  roof 
system,  provides  for  drying  damp 
bags  in  the  sun. 

Unit  Stresses — The  following  unit 
stresses  were  used  in  the  design:  An 
allowance  of  16,000  lbs.  per  sq.  in.  in 


^Furnished    by   the    Trussed   Concrete    Steel 
Co.,  Youngstown,  Ohio 


tension  was  made  for  the  steel  rein- 
force'ment.  The  extreme  fibre  stress 
allowed  in  the  concrete  was  650  lbs. 
per  sq.  in.  in  compression,  and  no  ac- 
count was  taken  of  tensile  resistance. 
The  direct  compressive  stress  al- 
lowed in  the  concrete  was  500  lbs.  per 
sq.  in.  The  shear  taken  by  the  con- 
crete was  assumed  at  60  lbs.  per  sq. 
in.  The  ratio  of  modulus  of  elas- 
ticity of  steel  to  concrete  was  as- 
sumed as  15,  The  allowable  bond 
stress,  concrete  to  steel,  was  taken  at 
120  lbs.  per  sq.  in 

The  bearing  on  the  soil  was  taken 
at  5,000  lbs.  per  sq.  ft. 

Reinforcement — The  general  con- 
tractor sublet  the  steel  design  to  the 
Reinforced  Concrete  Co.,  Engrs.,  St. 
Louis,  who  submitted  a  design  using 
square  twisted  bars  and  continuous 
stirrups.  Standard  usage  was  fol- 
lowed in  spacing  the  bars  in  beams. 

Flooring — ^One-in.  maple  flooring 
was  nailed  to  3-in.  x  4-in.  creosoted 
yellow  pine  screeds,  which  were  cast 
in  the  slab.  The  concrete  was  kept  to 
within  %"  from  the  top  of  the 
screeds  as  shown  in  Fig,  3.  In  ar- 
riving at  the  slab  thicknesses,  the 
area  lost  by  the  screeds  was  compen- 
sated for  by  adding  an  equivalent 
amount  to  the  slab  thickness.  While 
this  is  only  approximately  correct, 
it  was  considered  permissible. 


Figs.  1  and  2 — Front  and  Track-Side  Views  of  the  Texas  Bag  &  Fibre  Co.'s  Factory  Building  at  HorsTox,  Texas 
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Fic.  3 — Sketch  Showixg  Method  of  Fastening  Screeds  to  Concrete  Floor 


Concrete  Fence — A  concrete  fence 
extends  about  80'  along  the  track  side 
of  the  building  shown  in  Fig.  2  and 


the  same  distance  across  the  lot.  It 
is  9'  high  as  shown  in  Fig.  4.  In  or- 
der to  obtain  a  pleasing  architectural 
effect,  half-round  wooden  strips 
about  y^"  in   diameter  were  placed 


horizontally    and     vertically     in 
forms,  to  imitate  stone  work. 

MATERIALS    OF    CONSTRUCTION 


the 


Lone  Star  Portland  Cement'  was 
used  throughout  the  building.  It 
passed  the  requirements  of  the  Am. 
Soc.  for  Test.  Mat.     The  total  quan- 


^Texas  Portland  Cement  Co.,  Dallas,  Tex. 
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Fig.  4 — Details  of  Reinforced  Concrete 
Fence 


tity  of  cement  used  was  about  5,000 
bbls. 

The  aggregate  was  bank-run  gravel 
from  local  pits,  which  varied  so 
greatly  in  size  that  it  was  practically 
a  graded  mixture.  Stone  concrete 
had  been  decided  upon  but  owing  to 
the  great  scarcity  and  consequent 
high  price  of  crushed  stone  (about 
$3.00  per  cu.  yd.)  gravel  was  sub- 
stituted, costing  about  $2.50  per  cu. 
yd.  delivered  on  the  job.  Owing  to 
the  large  amount  of  foreign  matter 
in  the  gravel  it  was  washed. 

EXCAVATION    WORK 

The  building  site  was  once  occu- 
pied by  a  mill,  but  in  a  fire  some 
years  previous  the  mill  was  destroyed 
and  nothing  remained  but  the  brick 
foundation.  The  contract  for  the 
excavation  was  let  at  a  unit  price  of 
50  cts.  per  cu.  yd.,  but  owing  to  the 
good  condition  of  the  brick  founda- 
tion this  proved  quite  financially  dis- 
astrous for  the  contractor.  Consider- 
able blasting  had  to  be  done  and 
some  oil-soaked  spots  had  to  be  cut 
out  to  a  depth  of  10'. 

CONTINUOUS  SYSTEM   OF    CENTERING 

The  centering  used  was  that  known 
as  the   Continuous   system,  patented 
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Fig.  5 — Puvx  or  "Continuous"  System  of  Centering,  Showing  Joist  Carriers,  Etc. 

Fig.  6 — Schedule  of  4-in.  x  4-in.   Uprights,  Sheet  Iron  Sleeves,  Bearing  Sill  and  Typical  Column  Form 
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by  the  Reinforced  Concrete  Construc- 
tion Co.,  St.  Louis.  In  this  system 
four  upright  posts,  usually  4"  x  4" 
in  size,  are  set  on  the  footing,  one  at 
each  corner,  "straddler  beams"  being 
nailed  around  them  at  the  top  to 
<:arry  the  floor  beams,  which  in  turn 
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sleeves.     This  point  is  worthy  of  con- 
sideration in  any  case. 

After  the  posts  were  withdrawn, 
it  was  necessary  to  patch  up  the  holes. 
This  was  found  to  be  somewhat 
troublesome  to  do  well,  esjjccially  af- 
ter the  forms  had  been  used  several 


of  sand  and  gravel  used  depended 
upon  the  quantities  giving  maximum 
density.  These  quantities  were  de- 
termined by  more  or  less  crude  meth- 
ods and  the  results  obtained  showed 
tliat  the  usual  1:2:4  mix  with  40% 
voids  was  practically  correct,  al- 
though tests  were  made  from  time  to 
time  to   find  any  great  variations  in 


Figs.  7  and  8— Sectioxs  "AA"  and  "BB"  Showing  Elevation  of  Continuous  Centering.    See  Fig.  5  for  Location  of  Sechow 
Line 


Fig.  9 — Track-Side  Elevation,  Showing  Continuous  System  of  Centering 


carry  the  slab  forms,  as  shown  in 
Figs.  5  to  10  inclusive.  These  posts 
■extend  through  the  floor  and  may  be 
carried  up  independent  of  the  con- 
crete frame  work.  Fig.  6  shows  a 
bearing  sill  for  uprights  when  not 
resting  on  column  footings,  while 
Fig.  10  shows  how  the  "straddlers" 
were  assembled. 

In  using  this  system  it  is  necessary 
that  sleeves,  preferably  metal,  be  set 
around  each  post  hole  at  the  top  of 
the  slab  forms  in  order  to  prevent 
wet  concrete  from  running  through 
the  hole  to  the  floor  below.  A  taper- 
ed sleeve  of  No.  20-ga.  sheet  iron 
was  used  as  shown  in  Fig.  6.  It  was 
found  that  this  gauge  of  metal  was 
too  thin  to  withstand  satisfactorily 
the  pressure  of  the  concrete,  thus 
causing  the  sleeve  to  crush  against 
the  sides  of  the  post  and  involving 
considerable  labor  in  removing  the 
posts  later,  and  also  in  removing  the 
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times  and  had  warped  to  some  extent. 
In  some  instances  it  was  necessary  to 
do  considerable  chipping,  which  is 
quite  expensive  when  done  by  hand. 

All  forms  for  the  concrete  work 
were  made  of  wood  and  were  design- 
ed for  the  load  they  were  expected 
to  bear  and  nothing  was  left  to  guess 
work. 

Fig.  6  shows  a  typical  column 
form,  made  of  1-in.  x  4-in.  and  1-in. 
X  6-in.  boards  fastened  together  in 
panel  units  by  means  of  2-in.  x  4-in. 
cleats.  The  units  were  assembled 
with  iron  clamps. 

Form  lumber  cost  from  $20  to  $25, 
depending  on  size  and  grade,  and 
was  used  at  least  twice.  Large  quan- 
tities of  it  were  sold  for  $2.00  to 
$4.00  per  one-horse  wagon  load. 

CONCRETE   WORK 

Proportions  —  The  mix  specified 
was  a  1 :6.    The  different  proportions 


the  gravel.     A  good,  hard   concrete 
was  obtained  throughout. 

Tests  to  determine  the  approximate 
percentage  of  voids  in  the  gravel 
were  made  as  follows:  A  vessel  of 
known  capacity  was  filled  to  the  top 
with  gravel  and  then  enough  water 
poured  in  to  bring  it  level  with  the 
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Fig.  10 — Sketch  Showing  Method  of 
Using  2-in.  x  12-in.  "StraddliTs"  in  Con- 
nection With  4-in.  x  4-in.  Uprights 
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Fig.  11 — Sketch  Showing  Layout  of  Concrete  Mixikg  Plant 


top.  The  water  was  then  poured  off, 
and  its  volume  measured.  With  the 
void  percentage  known  the  proper 
mixture  was  taken  directly  from 
standard  tables,  and  the  results  were 
quite  gratifying.  It  should  be  noted 
that  tests  of  this  sort  are  open  to 
criticism  since  they  are  only  approxi- 
mately correct,  but  the  size  of  the  job 
hardly  justified  more  elaborate  tests. 

Mixing — The  concrete  for  the 
whole  building  was  mixed  in  a  two- 
yard  Ransome  batch  mixer*,  which 
was  set  on  grade,  and  a  wooden  in- 
cline was  built  about  6'  high  reaching 
to  the  material  pile,  as  shown  in  Fig. 
11.  This  method  worked  quite  well 
in  the  spring,  but  when  hot  weather 
came  the  laborers,  who  were  mostly 
negroes,  became  tired  out  early  in 
the  day,  with  the  result  that  the 
proper  quantity  of  sand  and  gravel 
was  not  realized.  To  overcome  this 
difficulty,  a  dump  cart  was  rigged  up 
with  a  hoisting  engine,  as  shown  in 
Fig.  11,  rails  of  3-in.  x  4-in.  sticks 
were  fastened  to  the  incline,  as  well 
as  guard  rails  of  the  same  size.  This 
method  of  conveying  materials  to  the 
mixer  resulted  in  some  lower  labor 
costs. 

Conveyors — A  chute  with  steel  A- 
frame  fastened  to  the  tower,  shown 
in  Figs.  12  and  13,  was  tried  out, 
but  found  unsatisfactory  as  it  be- 
came badly  bent  from  an  overdose  of 
material  which  was  sent  there  by  acci- 
dent. This  resulted  in  wrecking  a 
section  of  the  chute.  It  was  impossi- 
ble at  this  time  to  make  any  repairs 


•Ransome   Concrete    Madiinery   Co.,    Dunel- 
len,  N.  J. 


and  a  number  of  hand  carts  were  im- 
mediately procured  and  used  with 
such  good  results  that  the  chute  was 
abandoned  at  a  complete  loss.     The 


structural  weakness  of  this  chute  was 
observed  at  the  beginning  of  the 
work,  and  an  effort  was  made  to 
strengthen  it  by  means  of  hog-chains, 
but  this  proved  of  little  use.  It  was 
also  found  awkward  to  move  the 
chute  around,  owing  to  the  extreme 
length  of  the  building.  This  objec- 
tion, however,  did  not  cause  the 
abandonment,  but  its  inadaptability 
to  the  work. 

GENERAL   FEATURES 

Concrete  Windorv  Sills — ^The  con- 
crete window  sills  were  about  7"  x 
11''  in  cross-section  and  were  cast  in 
two  laarts,  each  about  5'  9"  long. 
One-quarter  in.  round  bars  were 
placed  in  each  corner  for  the  pur- 
pose of  handling  without  breakage 
(see  Fig.  14).  Six  sills  were  cast 
each  day.  The  forms  were  lined 
with  No.  l6-ga.  galvanized  iron. 
They  were  made  to  accommodate  the 
longest  sills  and  partitioned  off  for 
the  shorter  sills. 

Proper  attention  was  given  to  cur- 
ing the  sills.  It  was  found  unneces- 
sary to  treat  the  surfaces  in  any  way 
as  they  were  as  smooth  as  cut  stone 
and  had  the  appearance  of  this  ma- 
terial. 

Machinery  Bolts — In  setting  bolts 
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Pig.  1-2 — Rear  View  of  Building  Showing  Concrete  Hoisting  Tower 
Fig.  13 — Method  of  Conveying  Concrete 
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Fig.  14 — Sectiox  Showixg  Concrete 
Window  Sill  and  Forms  Used  in  Cast- 
ing 

used  in  fastening  the  machinery  a 
very  simple  device  was  used,  as 
shown  in  Fig.  15.  The  cost  of  these 
sheet  metal  stands  was  negligible  and 
little  time  was  required  in  setting 
them,  while  the  bolts  were  accurately 
set  in  place. 

Placing  Screeds — In  placing  the 
floor  screeds  2-in.  x  6-in.  planks  were 
nailed  to  the  extending  uprights  used 
in  the  continuous  system  of  center- 
ing previously  described,  and  the 
screeds  were  hung  from  these  by 
heavy  wires,  as  shown  in  Fig.  16. 
This  method  proved  to  be  very  con- 
venient. At  first  it  was  intended  to 
place  the  screeds  on  wooden  blocks, 
but  at  the  suggestion  of  the  carpen- 
ter foreman  the  wiring  was  substi- 
tuted, with  much  better  results. 

Cost  Data — At  the  start  of  the 
form  work  an  attempt  was  made  to 
get  unit  costs  at  the  end  of  each  day's 
work,  but  owing  to  the  size  of  the  job 
this  was  found  somewhat  difficult  to 
carry  out,  since  it  required  considera- 
ble time  each  day  to  check  up  the 
different    parts    of    the    work    done. 


The  main  difficiilly  cncoiinlcrcd  seem- 
ed to  be  tin;  reduction  of  sucli  items  as 
centering,  etc.,  into  equivalent  sq.  ft. 
of  form  work  in  contact.  It  is  possi- 
ble on  high  buihlings  to  ])r('dict  tliis 
quite  closely  after  one  or  two  floors 
have  been  framed;  on  low  buildings 
it  is  not  very  easy. 

The  writer  believes  that  on  jobs  of 
considerable  size  it  is  possible  to  de- 
termine what  is  the  most  economical 
number  of  men  to  be  used  for 
doing  a  certain  work  by  plotting  re- 
sults from  each  day's  work,  using 
men-hours  and  unit  costs  per  sq.  ft. 
as  co-ordinates.  There  are  so  many 
variables  involved  that  results  change 


Fig.  15 — Sheet  Metal  Stand  Used  for 
Holding  Machinery  Bolts  in  Place 
While   Concreting 

from  day  to  day,  but  still  it  may 
jjrove  valuable.  To  the  writer's 
knowledge  this  has  not  been  done  up 
to  this  time. 

With  cement  at  $1.58  per  bbl., 
sand  $1.00  per  cu.  yd.,  gravel  at 
$2.50  per  cu.  yd.  and  labor  at  22  cts. 
per  hr.,  the  following  unit  costs  were 
obtained : 

Walls  and  footings  $5.50  per  cu. 
yd.,  using  a  1  'Siy^'.^  mix. 

Floors,  beams  and  columns  $8.25 
per  cu.  yd.  using  a  1 :2 :4  mix. 

The  above  items  include  time  for 
engine  man  and  fireman. 

With  carpenters'  wages  at  $4.50 
per  da.,  forms  cost  11  cts.  per  sq.  ft.; 
the  placing  of  steel  cost  $8.00  per 
ton,  while  the  steel  cost  $50  per  ton, 
f.  o.  b.  Houston. 
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Fig.  16 — Sketch  Showing  Method  of  Holding  Screeds  in  Place  While  Concreting 
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The  planning  and  erection  of  this 
factory  building  were  done  under  the 
direction  of  tlic  Texas  Bag  &  Fibre 
Co.'s  engineers.  Much  credit  is  due 
C.  D.  Wl)itmire,  the  superintendent 
for  the  James  Black  Masonry  &  Con- 
tracting Co.,  St.  Louis,  for  the  suc- 
cessful completion  of  the  work.  The 
writer  assisted  in  preparing  the  plans, 
checking  the  steel  design  and  acting 
as  the  engineer's  representative  on 
the  job. 


Concrete  in  Mine  Shafts 

The  present  decade  marks  many 
new  uses  for  cement  and  none  more 
important  than  in  mines  and  mining 
operations.  At  the  60th  general 
meeting  of  the  Institution  of  Mining 
Engs.  held  recently  in  London  an 
interesting  paper  was  read  dealing 
with  the  sinking  and  equipment  of  a 
large  coal  mine  in  the  Durham  dis- 
trict in  England. 

An  interesting  feature  about  the 
work  was  the  use  of  liquid  concrete 
for  stopping  the  flow  of  water  in 
the  limestone.  The  water  in  the 
north  shaft  was  allowed  to  rise  to  its 
natural  level,  186'  from  the  surface 
and  259'  from  the  bottom.  From  a 
temporary  platform  at  water  level 
eight  columns  of  3-in.  pipes  were  run 
down  to  the  bottom  of  the  shaft,  and 
a  column  of  15-in.  air  pipes  was  sus- 
pended in  the  center  of  the  shaft. 
Down  the  latter  about  150  tons  of 
ll/o-in.  broken  slag  were  passed, 
which  formed  a  conical  mass  at  the 
bottom  surrounding  the  3-in.  pipes. 
Down  these  100  tons  of  liquid  con- 
crete were  then  run  through  the  slag, 
the  result  being  to  form  a  cement- 
concrete  plug  about  15  ft.  thick  on 
the  shaft  bottom.  A  month  later,  the 
water  having  been  pumped  out  to  the 
level  on  the  top  of  the  plug,  the  con- 
crete was  drilled  out  of  the  3-in. 
pipes  and  the  holes  continued  30' 
down  into  the  strata  below.  Liquid 
concrete  was  then  forced  down  these 
holes  by  a  concrete  pump  at  a  maxi- 
mum pressure  of  700  lbs.  per  sq.  in., 
so  as  to  fill  the  open  fissures  in  the 
strata.  In  this  way  the  feeders  were 
reduced  to  quite  a  negligible  quantity. 


Where  weight  is  not  desired  cells 
may  be  introduced  in  ordinary  mass 
concrete,  formed  either  by  cheap 
hemlock  boxes,  which  can  be  left  in 
the  work,  or  by  collapsible  boxes, 
which  can  be  withdrawn  and  used 
over  again.  Where  weight  is  desir- 
able large  stones  can  be  rammed  in 
the  heart  of  the  mass. 


Layout,  Operation  and  Selling  Methods  of  a 
Structual  Tile  Manufactory 


By  Harvey  Whipple 


A  very  promising  business  in  the 
manufacture  of  a  small  concrete  unit, 
to  compete  with  common  brick  and 
clay  tile  in  wall  construction,  has 
been  built  up  in  the  last  few  months 
by  the  Delta  Brick  &  Tile  Co.,  De- 
troit. The  chief  feature  of  the  en- 
tire enterprise,  not  only  from  the 
manufacturing  but  from  the  sales 
standpoint,  is  its  simplicity.  With 
very  few  minor  exceptions  there  is 
but  one  set  of  factory  operations 
with  but  one  kind  and  grade  of  mate- 
rials used,  and  there  being  but  one 
type  of  product  to  sell,  a  strong  cam- 
paign along  one  single  line  has 
served  to  put  the  product  on  the  mar- 
ket. The  factory  is  simple  in  layout 
and  in  equipment,  yet  this  very  sim- 
plicity, as  it  has  been  carefully 
worked  out,  develops  a  higher  degree 
of  efficiency  than  is  met  with  in  the 
general  run  of  concrete  products  fac- 
tories. Not  only  is  the  enterprise 
simple  in  its  physical  make-up  but  it 
is  simple  in  its  line  of  business  and 
as  already  mentioned,  simple  in  its 
sales  methods.  It  is,  as  shown  by 
excellent  evidence,  making  money. 

Under  the  management  of  S.  H. 
Wightman  the  company  began  in  the 
summer  of  1914  the  manufacture  of 
structural  tile  with  the  Eberling  ma- 
chine.^ 

GENERAL    FEATURES 

Location — The  company  owns  a 
rather  large  tract  of  land  with  1,800' 
of  water  front,  so  that  materials  can 
be  delivered  by  boat  at  a  low  freight 
rate.     In  addition,  the  factory  is  at 


'Eberling  Cement  Machinery  Co.,  Clevelanci, 
Ohio 


the  end  of  the  Detroit  Belt  Line  Ry., 
so  there  is  a  good  rail  connection  for 
receiving  other  raw  materials  and 
also  for  the  shipment  of  the  factory 
products  to  distant  points  in  the  out- 
lying districts  of  the  city. 

Building — The  building  is  approx- 


imately 82'  X  32'  in  plan,  open  ta 
the  turret  roof  in  the  center,  with  a 
balcony  on  each  side  at  the  second 
floor  level. 

Equipment  and  Layout — The  prin- 
cipal item  of  equipment  is  the  tile 
machine  located  as  shown  on  the  floor 
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Fig.  1 — Details  op  Factoby  Building 
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Fig.  2 — Hopper  and  Enct,osure  for   Belt  Conveyor  Carrying   Saxd  axd  Stone  to 
Top  of  Plant 


plan  on  the  first  floor  level  immediate- 
ly under  the  edge  of  the  balcony  on 
which  the  cement  is  received,  where 
the  mixer  stands  and  to  which  level 
the  aggregates  are  elevated  by  a  belt 
conveyor  from  the  stock  piles  in  the 
yard.  In  front  of  this  machine,  at 
the  off-bearing  end,  are  two  tracks 
for  cars  receiving  tile,  and  across  the 
room  with  a  transfer  track  in  front 
are  the  inner  ends  of  the  curing 
rooms  which  are  under  the  balcony 
on  the  opposite  side  from  the  ma- 
chine. In  the  front  half  of  the  main 
part  of  the  building  between  the 
transfer  track  and  the  office  is  a 
space  fitted  out  with  bankers  on 
which  special  filler  units  are  made 
in  wood  molds  and  on  which  trim 
stone  is  turned  out,  if  required.  This, 
however,  is  not  a  feature  of  the  fac- 
tory output.  The  space  on  the  bal- 
cony over  the  steam  curing  rooms  is 
used  as  a  pattern  department  and  for 
storage  space  for  miscellaneous  items 
of  equipment.  This  level  is  reached 
by  a  stairway  which  bridges  the 
transfer  track. 

The  Product — The  product  manu- 
factured is  a  hollow  concrete  tile,  the 
basic  unit  of  which  is  5''  x  4"  x  12", 
the  exposed  face  of  which,  as  laid 
up  in  the  wall,  is  5"  x  12".  With 
a  slight  adjustment,  the  machine 
will  make  any  of  the  following  com- 
binations of  this  unit:  four  tile,  5" 
x  4"  X  12";  two  tile,  5"  x  8"  x 
12";  one  tile  5"  x  4"  x  12"  and  one 
tile  5"  X  12''  X  12"  or  one  tile  5"  x 
16"  X  12".  The  thickness  of  the 
tile  walls  is  about  1".  The  machine 
has  a  capacity  of  14,400  units  5"  x 
4"  X  12"  per  da.  However,  the  prin- 
cipal unit  used  in  building  is  5"  x 
8"  X  12"  and  with  these,  the  capac- 
ity is  7,200  units  per  da.  This  unit 
is  equal  approximately  to  6.4  com- 
mon brick — therefore,  the  capacity 
of  the  machine  is  equivalent  to  46,000 
brick  per  da.  In  addition  to  these 
units  made  on  the  machine  the  fac- 
tory turns  out  special  units  in  wood 
molds  for  quoins  and  fillers  as  each 
job  requires,  keeping  a  stock  of  the 
sizes  most  frequently  used.     An  out- 
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put  of  so  limited  a  range  and  yet 
suited  to  practically  all  building  re- 
quirements has  distinctive  advantages 
from  a  stock  standpoint,  and  Mr. 
Wightman  compares  it  with  the  stock 
which  he  once  kept  on  hand  in  a 
concrete  block  plant  where  he  said  he 
had  in  his  yard  288  diiferent  con- 
crete units.  This  tile  unit  works  out 
very  well  from  a  building  standpoint, 
inasmuch  as  it  does  not  require  of 
the  architect  that  he  figure  his  plans 
any  diff"erently  from  what  he  would 
for  common  brick.  In  fact,  many 
jobs    have    been    taken'   which    were 


Fig.  3 — Discharge  End  of  Belt  Convey- 
or ON  TO  Screen,  Showing  Hoppers  and 
Mixers  on  Second  Floor 


already  figured  for  Itrick.  As  placed 
in  the  wall  the  unit  is  two  brick  high, 
the  brick  being  2%"  thick,  and  al- 
lowing for  1/4"  mortar  joint,  this 
gives  one  tile  height.  Clay  tile,  on 
the  other  hand,  arc  about  4%"  high. 
Materials — A  great  deal  of  experi- 
menting was  done  before  the  mate- 
rials of  which  tile  were  to  be  made 
were  decided  upon.  Trial  mixtures 
were  made  from  two  different  sup- 
plies of  slag  for  coarse  aggregate, 
from  three  or  four  different  sup- 
plies of  crushed  stone,  and  with 
several  mixtures  of  gravel.  It  was 
finally  decided,  however,  to  use 
a  mixture  of  washed  dolomite  screen- 
ings, 1/4"  to  I/2",  with  sand  in  which 
particles  up  to  %"  are  retained. 
The  mixture  ordinarily  used  is  ap- 
proximately 1  cement  to  2  of  the 
sand  to  21/4  of  the  screenings.  Each 
new  shipment  of  material  undergoes 
sieve  analysis  and  also  experiment  by 
trial  mixture  to  determine  the  pro- 
portions to  be  used.  The  mixture 
which  is  used  is  giving  a  product  of 
good  density  and  strength.  While 
the  unit  manufactured  is  probably 
more  nearly  impervious  to  moisture 
than  the  average  concrete  block,  im- 
perviousness  is  not  considered  so  im- 
portant as  in  construction  with  anoth- 
er type  of  unit,  because  the  tile,  laid 
up  as  they  are  in  walls,  do  not  per- 
mit the  passage  of  moisture  from  the 
outside  to  the  inside,  due  to  the  large 
amount  of  air  space  as  considered 
in  connection  with  the  angle  of  ab- 
sorption through  a  perpendicular 
wall. 

OPERATION 

Unloading  Materials — Sand  comes 
to  the  factory  by  boat.  This  gives  an 
advantage  in  freight  rate  and  in  the 
cost  of  sand  itself  aside  from  freight, 
so  that  the  purchase  price  is  40  cts. 
per  cu.  yd.  It  is  unloaded  by  clam- 
shell bucket  in  a  pile  at  the  rear  of 
the  factory  property.  When  sand 
comes  in  by  boat  it  gives  the  user  the 
additional  advantage  of  a  greater 
quantity  of  material  per  cu.  yd.  This 
difference  is  great  enough  so  that  10 
carloads  of  sand  by  boat  make  1 1 
cars  when  re-handled  for  rail  ship- 
ment. The  user  of  sand  by  Jboat  thus 
has  a  10%  advantage. 

Further,  the  additional  cost  of  un- 
loading sand  by  rail  would  be  ap- 
proximately 15  cts.  per  cu.  yd.  The 
screenings  cost  50  cts.  per  cu.  yd. 
{S5  cts.  for  material  and  15  cts.  for 
freight)  coming  by  rail  and  the  cost 
of  unloading  and  wheeling  to  the  con- 
veyor hopper  is  15  cts.  per  cu.  yd. 
A  car  of  stone  is  delivered  on  the 
company's  siding,  and  floating  labor 
is  employed  in  unloading  it.  It  is 
wheeled  out  of  the  car  and  dumped 
from  a  runway  built  up  to  car  height 
into  a  pile  from  which  it  can  be  han- 
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Fig.  4 — Showing  Hopper  Above  Second  Floor,  Mixer  on  Second  Floor  and  TitE 
Machine  First  Fixk)r,  with  Belt  Conveyor  Returning  Concrete  Off-Fall  Back 
TO  Hopper  or  Tile  Machine 


died  conveniently  a  second  time  into 
the  hopper  of  the  conveyor.  Cement 
is  received  in  car  lots  in  bags,  the 
siding  being  on  a  trestle  outside  of 
the  factory  on  which  the  mixer 
stands.  This  trestle  is  high  enough 
to  bring  the  car  door  i'  above  the 
second  floor  of  the  factory.  There 
is  a  runway  from  this  door  to 
the  car  door  and  the  cement  is  un- 
loaded on  to  a  four-wheeled  Rey- 
nolds* truck,  about  30  bags  to  the 
load,  and  shoved  into  the  factory,  and 
piled  up  at  this  second  story  level. 
The  distance  covered  with  this  push 
truck  is  about  30'.  The  height  of 
the  truck  from  the  floor  is  about  18", 
a    convenient    height     for    handling 

^^ansin?  Co.,  Lansing,  Mich. 
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bags.  A  car  load  of  230  bbls.  is  un- 
loaded and  piled  in  the  factory  at 
a  labor  cost  of  approximately  $1.00. 
Conveying  and  Mixing — The  ac- 
companying detail  drawings  show 
both  the  outside  hopper  end  and  the 
inside  delivering  end  of  the  convey- 
ing, mixing  and  molding  equipment. 
The  outside  hopper  is  a  concrete  box 
sunk  into  tlie  ground  so  that  the  top 
of  it  is  about  1'  above  grade.  The 
belt  conveyor,  consisting  of  a  200-ft. 
length  of  It-in.  Leviathan  canvas 
belt,'  operates  from  the  hopper  out- 
side to  an  elevation  near  the  top  of 
the  second  story  level  of  the  factory. 
The  feed  of  the  materials  to  the  belt 
is  controlled,  as  sliown  in  the  details, 

sMain  Belting  Co.,  Philadelphia 


by  adjustable  gears  which  operate 
two  worms,  one  each  in  the  two  com- 
partments of  the  hopper,  the  dis- 
charge end  of  one  worm  being 
slightly  in  advance  of  the  other  in 
the  plan.  Wlien  a  proportion  of 
screenings  to  sand  is  decided  upon 
the  gears  controlling  this  feed  are 
adjusted  for  this  proportion.  Then 
all  the  laborer  has  to  do  at  the  hop- 
per end  of  this  conveyor  equipment 
is  to  keep  the  hopper  on  each  side 
filled  with  material — sand  on  one  side 
and  screenings  on  the  other — and  to 
loosen  up  the  material  occasionally 
in  case  it  becomes  clogged.  This 
hopper  is  not  far  distant  from  the 
engine  room  and  boiler  of  the  fac- 
tory and  steam  pipes  run  out  into  the 
yard  near  the  hopper.  The  hopper 
itself  is  covered  by  a  light  roof  to 
keep  out  the  snow,  but  is  open  at  the 
sides.  In  cold  weather,  when  mate- 
rials freeze  up,  they  are  thawed  by 
the  use  of  steam  through  a  short 
length  of  hose  and  a  flue  blower. 
This  is  inserted  into  the  pile  and  the 
material  thawed  and  warmed.  Mate- 
rials drop  on  to  this  14-in.  belt — 
stone  on  the  bottom  and  sand  on  the 
top — and  are  elevated  to  the  top  of 
the  factory,  where  they  fall  on  to  a 
shaking  screen.  This  screen  elimin- 
ates over-size  particles,  the  quantity 
of  which  is  very  small.  A  small 
metal  plate  fastened  on  the  top  of 
the  screen,  at  a  point  where  the 
stream  of  materials  strikes  the  screen, 
breaks  the  fall  of  nails  or  other  simi- 
lar objects  which  might  clog  the  mix- 
ing machinery,  and  they  are  elimin- 
ated with  the  over-size  particles. 
The  screened  material  falls  into  a 
hopper  as  shown  in  the  detail,  and 
this  feeds  into  a  continuous  mixer 
which  is  of  special  design  to  meet 
this  particular  installation.  A  trial 
of  several  months  has  indicated  that 
the  mixer  maintains  positive  propor- 
tions and  gives  good  results.  The 
cement  is  fed  into  another  hopper  op- 
posite the  one  containing  the  sand 
and  screenings,  and  the  man  who 
handles  the  cement  watches  both  ma- 
terial hoppers  to  see  that  the  supply 
flows  evenly.  The  proportion  of  ce- 
ment to  aggregate  is  controlled  by  an 
adjustable  apparatus  which  cuts  oflT  a 
given  quantity  of  each  of  the  mate- 
rials which  fall  into  the  trough  of 
the  mixer.  The  water  feed  is  con- 
trolled by  a  man  on  the  floor  below 
who  is  operating  the  tile  machine. 
The  number  of  paddles  in  the  con- 
tinuous mixer  is  unusually  large  and 
the  mixing  operations  apparently  are 
carried  through  very  thoroughly. 
The  mixed  concrete  falls  into  the 
hopper  of  the  tile  machine. 

Molding — The  empty  pallet  moves 
under   this    hopper,    is    filled   with   a 
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Fig.  5 — A  Closer^  Detailed  View  of  Tile  Machine  in  Operation 


sitv  in  the  walls  wlir-n  the  pressure  is 
applied.  This  surplus  material  is  re- 
jected and  falls  through  the  table  of 
the  machine  into  a  pit  under  the  ma- 
chine and  onto  a  rubber  belt*  con- 
veyor which  is  shown  in  the  accom- 
jjanying  details.  This  belt  conveyor 
lifts  the  concrete  out  of  the  pit,  drops 
it  into  a  chute  from  which  it  falls  on- 
to a  return  belt  which  takes  it  back 
to  the  hopper  of  the  tile  machine. 
The  rubber  belt  is  believed  to  be  the 
most  desirable  for  handling  wet  con- 
crete. The  mixture  used  in  making 
these  tile  is  so  wet  that  water  stands 
on  the  surface  of  the  tile  as  they 
come  from  the  machine. 

The  plant  has  been  so  laid  out  that 
more  of  these  tile  molding  machines 
mav  be  added  in  a  line  from  the  front 
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Fig.  6 — ^Side   Elevator  of  Outside 
per  for  Coxvevor 


Hop- 


Fig.  7 — End  Elevation  of  Outside  Hop- 
per AND  Proportioning   Apparatus 


Fig.  8 — 'Plan,  Outside   Hopper  of  Con- 
veyor Equipment 


measured  quantity  of  mixed  concrete 
and  then  moves  forward  in  line  with 
the  knives  and  plungers  which  cut 
out  the  tile  and  compress  the  walls. 
It  will  be  noticed  from  the  accom- 
panying illustrations  that  the  pallets 
have  side  walls  on  two  sides.  The 
machine  itself  supplies  the  walls  of 
the  other  two  sides  when  the  pallet  is 
filled.  When  the  knives  and  plungers 
are  withdrawn,  and  the  tile  is  molded 
the  pallet  is  pulled  forward  on  the 
table  of  the  machine  by  the  machine 
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Fig.   9 — Elevation   of  Conveying,   Mix- 
ing and  Molding  Equipment 
Note  brush  under  belt  conveyor   return^ 
ing;  this  cleans  dust  from  belt  and  pro- 
tects idlers 
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operator ;  the  tile  is  then  picked  up  by 
the  off-bearer  and  piled  up  on  a  car. 
The  cars  are  without  the  usual  decks 
required  in  block  manufacture  as  the 
construction  of  the  pallets  with  the 
two  heavy  side  walls  makes  it  possi- 
ble to  pile  one  pallet  on  top  of  an- 
other, without  the  pallet  on  top  touch- 
ing the  tile  on  the  pallet  below. 

In  the  operation  of  this  machine 
the  knives  and  plungers  which  form 
the  tile  and  compress  the  walls  reject 
the  surplus  of  concrete.  It  is  neces- 
sary that  each  pallet  which  comes  to 
the  plungers  and  knives  have  a  sur- 
plus of  material  in  order  to  give  den- 
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Fig.  10 — Plan  of  Conveying,  Mixing 
AND  Molding  Equipjient 


to  the  back  of  the  building.  When 
this  is  done  additional  tracks  will  be 
put  in  to  accommodate  two  cars  for 
each  machine. 

Curing — A  loaded  car  of  tile  is 
shoved  into  the  curing  rooms,  which 
are  very  low  with  a  flat  roof,  and 
heavy  wood,  batten  doors.  The  steam 
enters  through  perforated  pipes  at  5 
lbs.  pressure,  a  reducing  valve  being 
used  to  keep  this  pressure  uniform. 
The  perforations  are  so  placed  that 
the  steam  takes  a  downward  and  out- 
ward course  toward  the  side  walls  of 
the  curing  room.  In  this  way  the 
hot  steam  does  not  come  immediately 
in  contact  with  the  products.  Inas- 
much as  the  unit  manufactured  is  not 
a  facing  unit  requiring  special  care, 
the  drip  of  condensed  steam  from  the 
ceiling  is  not  considered  a  disadvan- 


Mr.  Wightman  has  made  some  in- 
teresting tests  to  show  the  results  to 
be  obtained  by  prolonging  the  cur- 
ing period  beyond  the  ordinary  -iS-hr. 
duration,  and  in  the  near  future  he 
will  erect  a  large  building  in  front  of 
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Fig.  11 — Unloading  Cement 

the  present  structure,  with  sufficient 
jtorage  space  for  600,000  tile  in  sepa- 
ate    rooms,    each   to    contain    50,000 
tile.     It  is  planned  then  to  keep  the 
tile  in  the  hot  steam  rooms  where  the 
steam   is   admitted  at   5-lb.   pressure 
for  a  period  of  from  24  hrs.  to  48 
hrs.,  then  to  take  then  out  on  cars, 
remove  the  tile  from  the  pallets,  place 
them   on   a    gravity   conveyor   which 
will  run  under  the  floor  of  the  fac- 
tory building  through  a  tunnel  and 
into  the  storage  building  directly  in 
front.     An  elevator  will  be  used  in 
connection    with     this     gravity    con- 
veyor which  will  pick  up  the  tile  in 
the  storage  room  and  lift  them  to  the 
top  of  the  storage  piles,  where  short 
lengths    of    gravity    conveyors    will 
bring  them  within  reach  of  men  em- 
ployed in  piling  them.      This  build- 
ing will  be  steam-heated,  with  moist 
steam.      The    division    walls    of    the 
rooms  in  the  storage  building  will  be 
built  of  tile  and  it  is  expected  that 
this  arrangement,  with  a  very  small 
additional  cost  for  the  extra  supply 
of  steam,  will  effect  economy  in  the 
quantity  of  cement  used  to  obtain  a 
given  strength.     While  it  is  realized 
that  a  given  amount  of  cement  must 
be  used  to  give  density,  it  is  never- 
theless a  fact  that  cement  in  excess 
of   this    quantity    can    frequently   be 
used  in  order  to  obtain  great  strength 
in  a  short  curing  period.     By  pro- 
viding better  curing  conditions  for  a 
long   period    it    will    be    possible    to 
economize  by  the  elimination  of  this 
excess  quantity  of  cement.    The  tests 
made   by   Mr.   Wightman   show  that 
tile  cured  in  air  alone  for  3  wks.  had 
a  compressive  strength  of  1,325  lbs. 
per   sq.   in. ;  tile   cured   in   steam   24 
hrs.   and  in  air  3   wks.    (as   is  done 
now)  had  a  strength  of  2,227  lbs.  per 
sq.  in.  and  that  tile  kept  in  the  moist 
warm  air  of  the  steam  room  3  wks. 


Fig.    12 — Piling    Tile    in    Yard,    Using 
Gravity  Conveyor 

had  a  strength  of  2,787  lbs.  per  sq. 
in. 

Storing — As  the  factory  is  now 
operated,  the  tile  are  brought  out  of 
the  curing  rooms  on  cars  on  a  trans- 
fer track  and  shoved  into  the  yard, 
gravity  carriers"  being  used  in  con- 
veying tile  from  the  car  to  the  stock 
piles,  one  man  at  the  loading  end  of 
the  conveyor  being  quite  enough  to 
keep  two  or  three  men  busy  piling 
at  the  other  end.  When  a  pile  has 
been  brought  up  to  a  given  height 
the  pile  is  leveled  ofl'  and  the  con- 
veyor is  then  placed  on  top  of  this 
pile  and  the  pile  built  up  to  double 
its  height,  the  conveyor  and  men 
working  on  top  of  the  original  pile. 
The  same  equipment  is  used  in  load- 
ing freight  cars.  With  5  men  a  car 
containing  10,000  tile  (5"x4"xl2") 
can  be  loaded  in  this  way  in  1 
hr.  20  min.     This  work  is  now  being 


'^Mathews  Gravity  Carrier  Co.,  Ellwood  City, 


Pa. 


Fig.  13 — Loading  Tile  in  Car;  Two  Men 
Place  Tile  on  Conveyor  and  Three 
Men  Work  in  Car 

An    automatic    counter    keeps    account 
of  the  number  of  units  loaded 


done  on  a  piece  work  basis  of  25  cts. 
per  M  tile  (unit  size  5"  x  4"  x  12") 
per  man. 

Labor — The  men  regularly  em- 
ployed in  the  factory  and  their  wages 
are  as  follows: 

1  man  shoveling  into  the  outside  hopper,  |2.00 

per  da. 
1  man  at  the  mixer  feeding  cement  into  the 

hopper,  $2.00  per  da. 
1  foreman,  also  engineer,  $3.25  per  da. 
1   man  feeding  pallets  into  the  tile  machine, 

$2.00  per  da. 
1  operator  for  machine,  $2.25  per  da. 

1  off-bearer,  $2.00  per  da. 

2  yard  men,  $1.75  per  da. 
4  yard  men,  $2.00  per  da. 

1  man  making  small  filler  units  and  trim 
stone,  $3.00  per  da. 

1  man  working  on  patterns  and  doing  estimat- 
ing, $4.00  per  da. 

1    niglitwatchman,   $2.50  per  da. 

1  office  assistant,  $3.00  per  da.,  besides  the 
manager  of  the  factory. 

Costs — It  will  be  seen  from  the 
labor  items  that  the  labor  cost  per 
da.,  aside  from  the  management,  is 
$37.50.  This  makes  no  allowance  for 
the  additional  labor  employed  when 
a  carload  of  cement  comes  in  or  when 
a  car  of  stone  is  delivered.  To  make 
7,200  units,  5"  x  8"  x  12"  requires 
29  tons  of  stone  at  65  cts.,  which  is  a 
total  of  $18.85;  241/2  yds.  sand  at 
40  cts.,  a  total  cost  of  $9-80;  70  bbls. 
of  cement  at  $1.04;  $72.80;  making 
the  total  cost  for  labor  and  materials, 
not  counting  fuel  and  other  small 
items,  $138.95.  The  total  production 
value  in  one  day  is  about  $300  (at  the 
yard)  running  at  capacity.     That  is 
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figured  at  $273.60  for  tile  and  the 
balance  of  the  total  for  hand-made 
filler  units. 

To  deliver  these  tile  on  the  job 
costs  about  $6.00  per  M,  of  the  5-in. 
X  8-in.  X  12-in.  units.  Shop  records 
are  kept  as  shown  by  the  daily  report 
and  weekly  report  blanks  which  are 
published  herewith. 

Selling — In  putting  the  product  on 
the  market,  Mr.  Wightman  has  made 
it  a  point  to  call  upon  practically  all 
the  architects  in  the  local  territory — 
in  many  cases  he  has  had  to  call  re- 
peatedly, but  it  is  an  interesting  com- 
mentary upon  the  architect's  attitude 
of  mind  that  Mr.  Wightman  has  ob- 
tained the  ear  of  architects  as  to  the 
merits  of  his  tile  product  by  introduc- 
ing the  subject  in  these  words:  "I 
am  not  offering  you  a  concrete  block." 
Mr.  Wightman's  company  has  not 
been  selling  a  product  for  any  archi- 
tectural purposes — it  is  a  straight 
bulk    sales     proposition,     and     once 
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Fig.  15 — ^Blank  Used  in  Keeping  Daily 
Account 
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a  unit  r/'  X  8"  x  12"  occupies  the 
space  in  the  wall  of  GA  clay  brick,  it 
is  perfectly  obvious  that  less  mortar 
is  required  in  laying  up  a  wall  of  the 
concrete  unit.  Comparison  of  the 
figures  for  clay  brick  and  for  this 
tile  is  as  follows:  Structural  tile  in 
5-in.  X  8-in.  x  12-in.  units,  cost  at  the 
yard  $38.00  per  M;  freight,  $1.20; 
teams,  $4.80;  total  on  the  job  $44.00. 
Labor  per  M,  laying  up,  $12.50; 
mortar  per  M,  $4.50;  total  $61.00  per 
M  in  the  wall.  Dividing  this  $6 1.00 
by  6.4,  we  find  that  common  brick 
would  have  to  be  laid  up  in  the  wall 
at  $9.20  per  M,  in  order  to  compete 
on  equal  basis  with  concrete  tils. 
However,  the  actual  cost  of  clay 
brick  in  the  Detroit  market,  is  as 
follows:  Brick  per  M,  $8.00;  labor 
per  M,  laying  up  (1  mason,  and  1 
laborer),  $7.00;  mortar  per  M,  $1.75  ; 
a  total  of  $16.75  per  M  in  the  wall, 
which  is  in  excess  of  the  cost,  to 
compete  with  the  tile,  of  $7.54. 

Then,  for  foundation  work  and 
heavy  walks,  Mr.  Wightman  figures 
that  mass  concrete  costs  $6.80  per 
cu.  yd.  while  the  concrete  tile  can  be 
laid  up  at  $5.25  per  cu.  yd. 

Personnel — Officers  of  the  Com- 
pany are :  Albert  L.  Stephens,  pres. ; 
S.  H.  Wightman,  vice-pres.  and  gen. 
mgr. ;  S.  Mclver,  secy. 


Fig.  16 — Weekly  Report  Blank 


When  using  wheelbarrows  as  a  unit 
of  measure,  they  should  be  brought 
to  a  level  when  filled ;  a  small  top  on 
the  wheelbarrow  load  looks  like  a 
small  matter,  but  may  in  fact  mean 
a  material  decrease  in  the  propor- 
tional amount  of  cement.  Wheelbar- 
rows containing  the  required  amount 
when  level  full  can  easily  be  obtain- 
ed. Bottomless  boxes  made  to  set  in 
the  wheelbarrow  can  also  be  used  to 
measure  the  materials  correctlv. 


given  a  hearing,  he  has  been  able  in 
a  great  many  cases  to  convince  archi- 
tects and  builders  of  the  economy 
and  stability  of  his  product  as  com- 
pared with  competing  products  on 
the  market.  Not  satisfied,  however, 
with  a  promise  on  the  part  of  the 
architect  that  he  would  perhaps  use 
the  material  on  some  subsequent  job, 
the  Delta  company  has  "followed" 
the  architect  persistently  with  form 
letters,  at  the  bottom  of  which  are  at- 
tractive half-tone  illustrations  of  the 
tile  in  the  units  of  various  sizes  and 
with  practical  information  as  to  the 
use  of  the  product.  Further,  once 
every  week  the  company  sends  out 
a  post  card  reminder  to  all  architects 
and  builders  on  its  mailing  list.  This 
post  card,  from  week  to  week,  carries 

"Wabash  Portland  Cement  Co.,  Detroit 
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the  same  message  for  the  most  part, 
showing  the  same  attractive  illustra- 
tion of  the  units  stating  their  dimen- 
sion as  they  are  shown  on  the  sta- 
tionery, and  the  card  is  changed  each 
week  in  the  center  panel,  each  time 
giving  some  new  message  or  some 
variation  in  the  statement  of  a  fact 
previously  announced.  In  addition, 
however,  to  this  method  of  approach, 
the  Delta  company  has  some  very 
strong  arguments,  but  none  is 
stronger  than  that  of  the  economy  of 
the  material.  One  of  the  principal 
talking  points  in  favor  of  this  tile  is 
that,  at  least  in  the  Detroit  territory, 
it  is  cheaper  than  clay  brick,  at  $3.00 
per  M.  This  is  a  very  strong  point, 
because  clay  brick  in  Detroit  terri- 
tory usually  cost  $8.00  per  M.  But 
that  is  not  the  only  economy  over 
clay  brick.     In  view  of  the  fact  that 


The  method  of  coating  concrete 
surfaces  with  ordinary  linseed  oil 
until  it  ceases  to  be  absorbed  is  some- 
times used.  There  are  two  difficulties 
encountered  in  using  an  oil  of  this 
nature  on  concrete:  First,  linseed  oil 
is  an  unstable  compound  and  does 
not  have  a  very  long  life;  again,  the 
oil  coming  in  contact  with  the  cement 
produces  a  soap  which  is  soluble  in 
water  and  is  soon  washed  off. 


No  steel  reinforcement  should  be 
painted  or  oiled,  as  either  treatment 
will  lessen  the  adhesion  of  the  con- 
crete. No  grease  or  foreign  matter 
of  any  kind  should  ever  come  in  con- 
tact with  the  steel. 
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Construction  of  Concrete  Roads  in  Milwaukee  County, 

Wisconsin,   in  1914 


By    H.    J.    KUELLING* 


Milwaukee  Co.,  Wis.,  which  in- 
cludes the  city  of  Milwaukee,  is  24 
mi.  long  by  about  10  mi.  in  width. 
The  topography  is  of  a  glaciated  na- 
ture varying  from  flat  sections  that 
are  difficult  of  drainage  to  fairly 
steep  hills  running  as  high  as  15% 
grades.  The  soil  varies  from  sand 
to  very  heavy  clay.  Thus  we  find  in 
the  county  about  all  the  possible 
conditions  for  the  foundation  of  con- 
crete roads. 

When  Milwaukee  Co.  began,  sev- 
eral years  ago,  to  improve  its  rural 
roads,  considerable  time  was  given 
to  the  study  of  the  various  types  of 
road  that  would  be  suitable  to  its 
conditions.  Not  only  was  the  heavy 
mixed  traffic,  common  near  a  large 
citv,  taken  into  consideration,  but  the 
fact  that  the  manner  of  transporta- 
tion, both  of  freight  and  passengers, 
was  and  is  rapidly  changing  from 
horse-drawn  to  motor-drawn  vehicles. 
These  conditions  plainly  showed  that 
the  construction  of  water-bound  or 
gravel  macadam,  or  any  other  type 
of  pavement  that  was  not  rigid  within 
itself,  would  be  unsatisfactory.  This 
brought  the  county  to  the  considera- 
tion of  concrete,  brick  and  bituminous 
macadam,  the  latter  two  of  which 
would  be  built  on  a  concrete  founda- 
tion. While  it  was  recognized  that 
there  are  both  advantages  and  disad- 
vantages in  the  concrete  road,  it  was 
adopted  as  the  standard  for  one  rea- 
son above  all  others,  namely,  that  it 
would  eventually,  no  matter  what  its 
life,  be  available  as  a  first-class 
foundation  for  any  kind  of  surfac- 
ing. 

In  1911,  the  Milwaukee  Co.  Board 
took  action  whereby  it  might  improve 
the  main  roads  in  the  county  under 
what  is  known  as  the  state  aid  high- 
way law.  The  first  steps  taken  were 
the  election  of  a  county  highway 
commissioner  and  the  selection  of  the 
system  of  prospective  state  highways. 
This  system  of  roads  consisted  of  the 
main  arteries  leading  from  the  impor- 
tant market  points  of  the  county  to 
the  county  line.  The  system  contains 
about  170  mi.  out  of  a  grand  total 
of  450  mi.  within  the  county. 


'Highway  Commissioner,  Milwaii]<ee  County, 
Wis. 

[70] 


'191 Z  Work — •■' 

'/9/3  Wor/r  — — 
1914  Work   — ^— 

fih/fuftjrf  Work  -' 

iiX//  Roads  Concrete     ' 


Fig.  1 — Road  Map  of  Milwaukee  Co.,  Wis. 
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It  was  well  into  the  year  of  1912 
before  plans  could  be  completed  for 
the  construction  of  any  roads  because 
the  selection  of  the  roads  to  be  im- 
proved was  not  made  until  late  and 
the  highway  department  was  unable 
to  get  the  plans  completed  until  along 
in  the  summer.  Such  delays  are  now 
done  away  with  by  having  all  the 
surveys  done  in  the  fall  and  plans 
drawn  up  in  the  winter,  thus  enab- 
ling the  highway  committee  and  the 
commissioner  to  let  contracts  and 
plan  their  work  during  the  very  early 
spring.  In  1912  there  were  con- 
structed about  6  mi.  of  concrete.  In 
1913  a  much  earlier  start  was  made 
and  as  a  result,  22  mi.  of  concrete 
were  constructed,  of  l6-ft.  and  18-ft. 
width,  with  a  few  sections  that  were 
wider. 

In  the  year  of  1914,  there  were 
constructed  about  25  miles  of  con- 
crete roads  besides  II4  ^ai-  of  brick, 
2  mi.  of  tar  macadam  and  4  mi.  of 
sheet  asphalt.  With  the  exception 
of  some  of  the  sheet  asphalt  this 
work  was  practically  all  completed 
by  the  first  week  in  Oct. 

Plans  for  1915  call  for  the  com- 
pletion of  about  40  mi.  of  pavement. 
At  the  end  of  the  season  1915,  it  is 
expected  that  there  will  be  12  roads 
completed  from  the  city  of  Milwau- 
kee to  the  county  line.  By  examin- 
ing the  map  which  is  shown  in  Fig. 
1,  it  will  be  noted  that  the  county 
is  building  its  system  of  roads  in  a 
continuous  manner  rather  than  a 
small  piece  here  and  there  with  the 
ultimate  intention  of  connecting  these 
pieces. 

The  amount  of  work  done  in  this 
county  last  year  is  probably  as  large 
as,  if  not  larger  than,  that  done  in 
any  other  similar  community  in  the 
Middle  West. 

Some  idea  of  the  magnitude  of 
this  undertaking  can  be  gained  by  the 
fact  that  about  4,000  car  loads  of 
material  were  used  and  more  than 
430,000  bags  of  cement. 

ORGANIZATION 

The  organization  for  handling  this 
work  is  illustrated  in  Fig.  2,  and  is 
made  up  as  follows:  The  highway 
commissioner,  who  has  immediate 
supervision  of  all  of  the  work;  the 
assistant  highway  commissioner,  who 
assists  in  various  capacities;  the  chief 
clerk,  who  attends  to  the  correspon- 
dence, pay-rolls,  writing  of  checks 
and  distribution  of  amounts  ;  the  traf- 
fic man,  who  attends  to  all  matters 
pertaining  to  shipments  and  account- 
ing of  freight  and  cement ;  the  super- 
intendent of  construction,  who  is  in 
direct  charge  of  all  the  outside  work ; 
the  surveying  party  of  from  three  to 
five  members,  who  make  all  surveys, 
do  all  the  platting  and  compute  all 
of  the  yardage. 
February,  1915 


YxG.  2 — Organization  of  Milwaukee  Co. 
Highway  Dept. 

construction 

While  in  1913  the  concrete  work 
was  done  one-half  by  contract  and 
one-half  by  force  account,  the  work 
in  1914  was  done  almost  entirely  by 
contract.  This  was  due  to  the  ex- 
tremely low  bids  received  owing  to 
cheapness  of  labor  and  teams  and  a 
great  scarcity  of  contract  work  in 
the  vicinity. 

Plans  for  the  work  and  computa- 
tion of  quantities  were  made  in  the 
winter  of  1913  and  most  of  the  bids 
were  received  in  Mar.  and  Apr.  of 
1914.  This  permitted  the  earliest 
possible  start  and  the  completion  of 
the  concrete  road  work  by  about  Oct. 
1,  1914,  thus  giving  the  roads  a 
chance  to  harden  thoroughly  before 
any  frost  came,  a  point  which  the 
writer  believes  to  be  of  the  utmost 
importance  in  concrete  road  work. 

Even  though  done  by  contract,  the 
work  demanded  much  detailed  atten- 
tion, as  all  of  the  cement  was  fur- 
nished delivered  on  the  job  by  the 
county  and  the  sand  and  gravel  were 
shipped  to  the  county  highway  com- 
missioner whose  office  force  looked 
after  the  rates,  weights  and  quality 
of  the  material.  All  of  the  freight 
was  paid  by  the  highway  commis- 
sioner and  the  amounts  later  deduct- 
ed from  the  contractors'  estimates. 
The  reason  for  such  procedure  is  that 
it  gives  the  highway  commissioner  a 
direct  check  on  the  amount  of  mate- 
rial going  into  each  job  and  does 
away  with  any  tendency  on  the  part 
of  the  contractor  to  slight  the  quality 
of  the  concrete,  especially  when  it 
comes  to  the  use  of  the  proper 
amount  of  cement. 

By  purchasing  its  cement,  the 
county  has  been  able  to  buy  it  at  a 
lower  market  than  the  contractor 
would  have  been  able  to  buy  it  at  the 


time  of  the  letting  of  the  contracts, 
thus  causing  a  saving  of  many  thou- 
sands of  dollars  to  the  county. 

One  clause  in  the  contract  reads  as 
follows: 

In  case  the  county  furnishes  the  cement 
delivered   either   f.   o.    b.   cars   or  on   the 
work,   bags  will  be  charged   to  the  con- 
tractor at  the  rate  of  10  cts.  each,  which 
will  be  credited  to  him   upon  tlie   return 
of   the    same    in    acceptable   condition   to 
the  company  furnishing  the  cement.    The 
contractor  shall  tie  the  sacks  in  bundles 
of  50  each  in  a  manner  approvel  by  the 
commissioner  and  shall  procure  from  said 
company  receipts  for  said  bags,  in  addi- 
tion to  marking  the  number  on  both  cop- 
ies of  the  delivery  tickets  at  the  time  the 
said  sacks  are  turned  over  to  the  cement 
company's  teamsters.     Each  bundle  shall 
be  tagged  in  such  a  manner  as  will  show 
completely  the  name  of  the  contractor  to 
whom  credit  should  be  given,  as  well  as 
the  name  of  and  the  number  of  the  road. 
Any  bags  which  may  become  lost,  torn, 
hard,  or  otherwise  not  acceptable  to  the 
receiving  company,  shall  be  paid  for  by 
the  contractor.     Any  cement  which  may 
be   delivered   in   good   condition    f.   o.   b. 
cars  or  on  the  work,  and  which  may  be- 
come lost  or  unfit  for  use  through  negli- 
gence of  the  contractor  or  his  employees, 
shall   be  paid   for   by  the   contractor  at 
the  rate  which  is  charged  to  the  county 
by    the    company    delivering   the    cement. 
The  contractor  shall  provide  facilities  on 
the  job  for  properly  protecting  and  keep- 
in  in  good  condition  at  least  1,000  bags 
of  cement. 

REPORTS 

No  matter  whether  done  by  con- 
tract or  day  labor,  the  county  man  on 
the  job,  either  as  inspector  or  fore- 
man, is  required  to  make  a  daily  re- 
port as  shown  in  Fig  3.  These  are 
self-addressed  and  come  to  the  high- 
way commissioner's  office  the  follow- 
ing day.  From  these  reports  the  of- 
fice man  checks  the  amount  of  cement 
used  against  the  cement  received  as 
shown  by  the  duplicate  delivery  tick- 
ets received  from  the  delivering  com- 
pany. The  amount  of  cement  used 
per  sq.  yd.  of  pavement  is  checked 
each  day  to  see  that  the  proper  mix 
is  being  obtained.  The  progress  of 
the  work  on  each  job  is  platted  as 
shown  in  Fig.  4.  From  this  plat  the 
commissioner  can,  at  a  glance,  note 
the  progress,  the  date  of  construction 
of  any  piece  of  work,  the  proper  date 
for  opening  to  traffic,  the  proper  dis- 
tance back  for  sprinkling,  the  cause 
of  delays  and  many  other  important 
points  in  connection  with  the  work. 

PREPARATION    OF   ROADBED 

In  1914  the  field  construction  was 
carried  on  in  a  manner  quite  similar 
to  that  of  1913.  After  the  roads  had 
been  surveyed  and  the  plans  drawn 
up  the  profiles  were  changed  until 
the  cuts  and  fills  were  made  to  bal- 
ance. This  is  done  by  having  the 
area  of  the  cross-section  at  each  sta- 
tion computed  with  a  planimeter. 

The  cost  of  the  grading  in  1914 
is  somewhat  lower  than  that  of  1913 
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CONCRETE  CREW 


Daily  Report Roud  No 

Day  of  Week. ..   Date lUl Weather. 

Total  men  on  payroll  today Teams     

Cement  |  Sand  and  Gravel 

No   bags  on  hand  A.  M Enough  sand  on  hand  for.-.. 

No.  bags  received  today Enough  gravel  on  hand  for. 

No.  bags  used  today  .- 

No.  bags  on  hand  at  night 

No.  empty  bags  returned 

Cars  Unloaded  today  or  number  of  Cu.  Yds.  Received 

Car  Nos ....- 

Material     ... 

Amount 

Remarks  and  recommendations 


Road  Metal 
Pavement    today    completed 
to  Sla.  


.days  run 
days  run 

fiom    St  a. 


Foreman 
Inspector 


Daily  Report Road 

Day  of  Week Date 191 Weather 

Total  number  of  men  on  payroll  today Teams 

Nature  of  work 

Work  completed  from  Sta ..to  Sta. 


For  Gravel  Pit  Foremen:  — 

No.  of  Cu.  Yds.  Sand  hauVed  away  today 
No.  of  Cti.  Yds.  Stone  hauled  away  today 

Gravel  Pit  Foremen  will  report  fe<ims 
and  engines  hauling  (Uiily. 


Remarks., 


Foreman 


Fig.  3 — Post  Card  Report  Forms  Used  in  Milwaukee  Co. 


as  will  be  noted  in  the  accompanying 
table.  Teams  were  paid  at  the  rate 
of  $5.00  per  da.  of  10  hrs  Common 
labor  was  paid  about  $2.00  per  da.  of 
the  same  length.  Practically  all  of 
the  grading  was  done  either  with 
wheelers  or  slip  scrapers,  although 
steam  shovels  and  dump  wagons  were 
used  in  a  few  cases.  It  is  believed 
advisable  to  grade  for  a  considerable 
distance  ahead  in  order  to  give  the 
ground  plenty  of  time  to  compact 
thoroughly  before  the  concrete  is 
placed.  Where  underground  springs 
were  encountered,  tile  drains  were 
placed  running  from  the  center  of 
the  road  to  side  ditches.  The  roads 
were  graded  to  cross-sections  as 
shown  in  Fig.  6.  It  will  be  noted 
that  the  sub-grade  is  flat  and  the 
crown  of  the  road  is  cared  for  by 
making  the  concrete  thicker  in  the 
center  of  the  pavement. 

TYPE  AXD  MIXTURE 

All  of  the  work  done  was  of  one- 
course  type  which  was  6"  thick  at 
the  edges  and  8"  thick  at  the  mid- 
dle   or    a    uniform    thickness    of    7"- 
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Fig.  4 — Progress  Report  of  Road  Work 
Kilbourne   Road   is   a   standard   concrete 
road,  18'  wide,  6"  thick  at  edges  and  8" 
in  center;  station  distance  100' 


where  placed  on  either  side  of  a  car 
line. 

On  all  of  the  roads  except  2  mi., 
earth  shoulders  were  constructed  be- 
cause it  was  found  that  after  one 
yr.'s  wear,  the  earth  shoulders  gave 
as  good  satisfaction  as  the  shoulders 
constructed  of  gravel,  if  not  better, 
and,  of  course,  were  somewhat  cheap- 
er 

The  general  mix  used  in  1914  was 
1:2:31/2,  although  this  was  varied  a 
little  where  the  voids  in  the  aggre- 
gate were  found  to  be  very  low.  All 
the  cement  used  was  tested,  by  con- 
tract, at  the  mills,  with  an  occasional 
test  made  in  the  laboratory  of  the 
highway  commissioner.  Practically 
all  of  the  sand  and  stone  was  washed 
and  in  every  case  the  sand  and  stone 
were  brought  on  to  the  job  separate- 
ly. A  large  number  of  tests  were 
run  on  both  sand  and  stone  to  de- 
termine the  percentage  of  voids,  per- 
centage of  clay  and  silt,  percentage 
of  siliceous  material  in  the  sand,  and 
the  nature  of  the  stone  composing  the 
larger  aggregate.  These  tests  were 
made  both  before  the  work  was  com- 
menced and  from  time  to  time  upon 
samples  obtained  from  the  job.  Some 
idea  of  the  thoroughness  of  these 
tests  can  be  gained  from  the  fact  that 
about  25  cars  of  cement  and  about 
50  cars  of  sand  and  gravel  were  re- 
jected from  time  to  time  in  the  sum- 
mer. 

The  sand  was  graded  from  1/4" 
down,  with  not  more  than  3%  pas- 
sing a  100-mesh  screen.  With  such 
sand  a  1 :2  mortar  gives  a  very  strong 
mixture  and  in  the  writer's  opinion 
is  preferable  to  a  richer  mix  where 
the  sand  is  limited  to  ^/g"*  The 
larger  aggregate  was  in  most  cases 
graded  from  IV2"  to  14".  In  some 
well  graded  aggregate  the  voids 
were  found  to  run  as  low  as  35%. 

TRANSPORTATION  OF  MATERIALS 

Most  of  the  material  was  hauled 
by  team,  although  a  considerable 
amount  was  moved  by  steam  tractors 
with  heavy  wagons  containing  about 
3I/2  yds.  each,  a  train  consisting  of 
anywhere  from  three  wagons  to  six 
wagons.  A  comparative  cost  of  the 
two  methods  is  not  available  at  this 
time  as  the  writer  has  not  access  to 
the  figures  of  the  various  contractors. 
However,  under  the  same  conditions 
in  1913,  the  cheapest  hauling  was 
done  with  a  combination  of  teams  and 
steam  tractors.  One  advantage  that 
might  be  noted  for  tractor  hauling  is 
that  the  wagons  left  the  material  in 
deep  piles  and  therefore  caused  less 
loss  due  to  the  material  getting  into 
the  sub-grade.  Where  tractors  were 
used,  the  trains  were  pushed  into 
place  before  being  dumped  rather 
than  backing  the  empties  out.     It  is 
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Fig.  5 — Standard  Cuoss-Sectioxs  for  18-Ft.  Concrete  Roads,  1913 


believed  by  the  writer  that  for  haul- 
ing purposes  tractors  which  have  bev- 
eled wheels  are  preferable  because 
the  crown  of  the  road  over  which  the 
hauling  is  done  should  not  be  dis- 
turbed. Such  beveling  would  also 
be  advantageous  on  the  engine 
wheels,  as  cases  have  come  to  the 
writer's  attention  where  every  spoke 
in  the  drive  wheel  was  broken,  due 
to  the  entire  load  being  carried  on 
the  inner  edge  of  the  rim. 

Material  was  placed  on  the  road 
in  two  different  ways.  In  one  case, 
the  rows  of  sand  and  stone  were 
placed  together  and  teams  delivering 
cement  were  compelled  to  drive  on 
the  berm.  In  the  other  case  the  sand 
and   stone    were    separated    and   the 


cement  teams  permitted  to  drive  up 
the  middle  of  the  road.  It  is  believed 
slightly  advantageous  to  get  a  large 
amount  of  material  ahead  in  order  to 
avoid  possible  delays  in  shipping  and 
any  delays  in  hauling.  On  the  other 
hand,  it  is  inadvisable  to  have  too 
much  material  on  the  job  as  a  cer- 
tain percentage  is  always  wasted  in 
wet  weather  due  to  becoming  mixed 
with  the  sub-grade. 


The  supply  of  water  to  the  various 
jobs  was  handled  in  a  manner  simi- 
lar to  that  of  1913  In  all  cases  a 
2-in.  pipe  line  was  laid  from  the 
nearest  source  of  supply  and  where 
necessary    a    small    gasoline    engine 


or  steam  boiler  supplied  for  forcing 
the  water  to  the  mixer.  It  has  been 
the  writer's  experience  that  unless 
a  valve  about  as  often  as  the  unions. 
2-in.  hose  are  placed  every  400'  and 
the  distance  exceeds  3  mi.  and  the 
elevation  exceeds  100'  a  2-h.p.  gaso- 
line engine  is  sufficient  to  furnish  the 
necessary  power  as  there  is  very  lit- 
tle friction  in  a  2-in.  pipe  where  only 
4,000  gals,  are  supplied  in  a  day.  It 
is  advisable  to  have  the  engine  con- 
nected with  the  pump  by  a  belt  in 
order  to  avoid  the  danger  of  break- 
ing the  cross-head  in  the  pump, 
where  for  any  reason  the  crew  stops 
the  flow  of  water  through  the  pipe. 
The  most  satisfactory  safety  device 
for  caring  for  excess  pressure  was 
the  erection  of  a  stand-pipe  beyond 
the  mixer.  This  standpipe  was  noth- 
ing more  than  one  length  of  pipe 
turned  into  a  T.  Such  a  contrivance 
keeps  the  pressure  fairly  uniform 
and  in  cases  of  delays  on  the  job 
does  not  necessitating  the  pump  start- 
ing a  long  column  of  water.  While 
erecting  the  pipe  line,  unions  are 
placed  about  every  1,000'  thus  en- 
abling repairs  to  be  made  quickly 
and  easily.  T's  with  connections  for 
On  each  job  there  are  about  225' 
of  1^-in.  hose  for  supplying  the 
mixer  and  about  the  same  length  of 
small  hose  for  sprinkling  purposes. 

CREW. 

While  the  different  contractors  had 
crews  made  up  in  various  ways,  the 
writer  believes  the  following  to  be  an 
efficient  crew  for  county  road  work: 

One  foreman,  one  straw  boss,  one 
mixer  engineer,  one  fireman,  one  fin- 
isher, three  men  receiving  and  strik- 
ing off  concrete,  two  men  handling 
cement,  three  men  handling  sand, 
eight  men  handling  stone,  two  men 
caring    for    forms    and    erecting    all 


Contract  Prices  for  Concrete  Roads  in  Milwaukee  Co.  in  1914 
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Earthwork 

No.    cu.    yds 4,937         10,386  2,842  2,438  6,590  3,736  4,400  4,617  2,700 

Earthwork 

CiTSt  cu.   yd 0.52  0.44  0.60  0.58  0.60  0.52  0.68  0.621^  0.55 

Concrete 

No.    sq.    yds 25,400         38,400         15,800  9,200         27,000         14.800  22,100         21,000         10,000 

Concrete 

Type    A.    Cost 0.73  0.85  0.83  0.79  0.96  0.74  O.86V2         0.93  0.74 

Concrete 

Type    B.    Cost.....     0.71  0.83  0.811/^         0.771/2         0.94  0.72  0.841/2         0.91  0.72 

Culverts 

No.    cu.    yds 10  115  30  26  30  71  30  34 

Culverts 

Cost  cu.  yd 5.95  5.95  11.00  8.00  5.95  5.95  7.00  9.50  10.00 

Extras   cost   plus    %.     10%  10%  20%  15%  10%  10%  107c  20%  20% 

Average    haul    in    mi.  21/2  2  1  IVz  3  2%  2  3  y2 

Cost  cement,   per  bbl.     1.34  1.35  1.24  1.35  1.39  1.39  1.37  1.39  1.28 

Cost  cement 

Per   sq.    yd 0.45  0.46  0.42  0.46  0.47  0.47  0.461^         0.47  0.41% 

Gravel  shoulder, 

Lin.    ft 7.900  4,600 

Gravel  shoulders 

Cost   per   lin.    ft. .  .  0.15  0.15 

Notes — Type  "A"  joints  include  two  pieces  of  protecting  steel  and  14"  of  felt  while  type  "B"  joints  include 
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Unless  two-course  })avcmcnt  is  to 
be  built,  the  writer  believes  that  the 
spout  is  preferable  for  narrow  road 
work.  The  concrete  was  placed  with 
a  fairly  stiff'  consistency  so  that  there 
would  be  no  separatation  of  the  mor- 
tar and  stone.  It  was  found  that 
there  was  no  tendency  on  the  part 
of  the  contractor  to  mix  too  dry, 
while  there  was  a  verj^  marked  tend- 
ency to  mix  too  wet.  As  soon  as  the 
concrete  was  placed  it  was  struck  off" 
in  all  cases  with  an  iron-shod  board 
cut  to  the  crown  of  the  road.   The  fin- 


and  removing  any  foreign  matter 
which  might  have  gotten  into  the  ag- 
gregate and  which  in  all  cases  will 
float  to  the  surface,  the  idea  of  little 
finishing  being  to  leave  the  aggregate 
as  near  the  surface  as  possible  and 
not  to  work  any  appreciable  amount 
of  mortar  to  the  top. 


The  first  step  in  curing  a  concrete 
road  was  found  to  be  the  sprinkling 
of  the  sub-grade  when  it  was  found 
to  be  very  dry.     This  was  done  gen- 


FiG.  6 — Materiai^  ox  Sub-Grade,  Xorth 
Fond  du  Lac  RoaDj  Milwaukee  Co.,  1913 

joints,  one  man  for  evening  up  and 
hand-tamping  sub-grade^  one  man 
for  covering  and  sprinkling,  one  for 
running  pump,  one  water-boy,  who 
also  cares  for  the  cement  sacks,  and 
one  watchman. 

This  gives  a  crew  of  28  men,  who 
under  favorable  conditions,  should 
mix  and  place  an  average  of  about 
600  sq.  yds.  of  pavement  per  day. 

The  writer  believes  that  the  batch 
should  consist  of  2  bags  of  cement, 
4  cu.  ft.  of  sand  in  one  wheelbarrow 
and  7  cub.  ft.  of  coarse  aggregate  in 


Fig.   7 — Two  Views  of  Mixeu  and  Mixer  Gang  ox  Coxcrete  Road  Coxstru 
Milwaukee  Couxty 


CTIOX, 


Fig.  8 — Depositixg  Coxcrete  axd  Fixishixg,  Greex'Bav  Road,  Milwaukee  Co.,  1914 


two  wheelbarrows.  Such  a  combina- 
tion makes  fewer  whelbarrows  to 
dump,  thus  loading  the  hopper  more 
quickly  and  lessening  the  chances 
for  errors  in  geting  the  proper  mix- 
ture in  any  batch.  Such  loads  may 
seem  abnormal  but  the  writer's  ex- 
perience has  shown  that  men  are 
willing  to  do  it  as  it  necessitates  few- 
er trips  every  day  for  each  man  al- 
though each  trip  is  harder. 

PLACING    THE     COXCRETE 

Forms  were  placed  as  far  as  pos- 
sible in  advance,  especially  on  one 
side,  thus  enabling  the  inspector  to 
note  any  sudden  change  in  the  grade 
or  alignment.  Forms  used  were  gen- 
erally 2x()  planks  with  or  without 
angle  iron  facing  on  one  edge. 
Planks  were  staked  in  line  with  iron 
pins.  The  concrete  was  put  in  place 
in  some  cases  by  a  spout  and  in  some 
cases  by  booms,  but  in  no  case  by 
carts. 


ishing  consisted  merely  in  smoothing 
out  the  marks  of  the  strike-off  board 


erally  by  the  fireman  who  connected 
a  small  hose  to  the  injector.  When 
the  temperature  was  over  90°  or 
when  a  hot  wind  was  blowing,  the 
concrete  was  protected  with  canvas 
until  hard  enough  to  sprinkle.  After 
it  had  sufficiently  hardened,  it  was 
covered  with  earth  from  the  road 
side  and  kept  wet  (not  merely  sprink- 
led) for  about  12  das.  The  roads  in 
practically  all  cases  are  closed  from 
traffic  for  three  wks.  and  if  anyone  is 
foolish  enough  to  attempt  the  con- 
struction of  concrete  roads  after  Oct. 
1  in  our  latitude,  traffic  should  be 
barred    for    a    considerably    longer 

(Continuert  on  Page  110) 


P'ig.  9 — Re-locatiox  of  CJreen  Hav  Road  Siiowixg  12-P't.  Cut,  Milwaukee  Co.,  1914 
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Methods  and  Costs  of  Constructing-   the    Bay    St. 
Underpass  at  Macon,  Ga. 


By  Carl  H.  Fuller^ 


Bay  St.  is  one  of  several  streets 
crossing  the  western  tliroat  of  the 
Central  of  Georgia  Ry.  Co.'s  busy 
switching  yards  in  Macon  and  con- 
necting tlie  western  portion  of  the 
town  with  that  portion  of  the  "city 
reserve"  beyond  these  yards,  given 
over  to  various  industrial  enterprises. 
In  addition  to  the  above  freight  yard 
that  strip  of  territory  occupying  the 
space  between  Fifth  St.  and  Sixth 
St.  is  occupied  on  the  Sixth  St.  side 
by  two  main  line  tracks  of  the  South- 
ern Ry.  while  one  main  line  track  of 
the  Georgia  Southern  &  Florida  Ry. 
occupies  an  encroachment  on  P'ifth 
St.,  making  a  total  of  16  tracks  and 
two  streets  to  be  crossed  in  a  distance 
of  some  465'  on  Bay  St.,  as  shown 
in  Fig.  1. 

Between  these  two  parts  of  the 
town  there  is  a  large  amount  of 
heavy  teaming,  wliich  is  steadily  in- 
creasing with  the  development  of  the 
City  Reserve.  Owing  to  the  ever ' 
present  danger  and  constant  inter- 
ruptions to  travel  caused  by  numer- 
ous main  line  trains  and  switching 
operations,  the  installation  of  a  pro- 
tected crossing  had  been  agitated  for 
some  time  and  finally  crystallized  into 
an  agreement  between  the  Cit}'  Coun- 
cil and  the  Central  of  Georgia  R}-. 
that  the  latter  should  construct  at 
Bay  St.  an  iinderpass,  beginning 
near  Broadway  (Fourth  St.)  and 
passing  below  Fifth  St.,  under  the  16 
tracks  mentioned,  and  rising  to 
grade  near  Seventh  St.  in  the  "Re- 
serve." 

Accordingly  plans  were  prepared 
under  the   direction   of   C.   K.    Law- 


^Cons.   Engr.,   Evansville,    Ind. 


rence,  chf.  E^ngr.  for  the  Central  of 
Georgia  Ry.,  embodying  tlie  follow- 
ing features:  Beginning  at  the 
Broadway  end  the  roadway  is  de- 
pressed on  a  10%  grade  for  122'  6" 
to  Fifth  St.,  continuing  through  a 
tunnel  under  the  tracks  on  a»0.2% 
grade  to  Sixth  St.,  where  ample 
drainage  facilities  are  provided  to 
keep  the  subway  free  from  water  un- 
der all  conditions  of  weather  and 
rising  from  this  point  to  the  surface 
near  Seventh  St.  on  a  10%  grade  in 
a  distance  of  160',  making  a  total  of 
712'  2"  (see  Fig.  1). 

Referring  to  Fig.  2  it  will  be  noted 
that  a  20-ft.  roadway  is  provided, 
having  a  clear  head  room  of  13'  6" 
with  the  addition  of  one  5-ft.  concrete 
sidewalk  elevated  3'  above  the  road- 
way under  the  tracks.  The  paving 
of  this  roadway  was  not  a  part  of  the 
general  contract  but  was  paved  with 
8"  of  concrete  by  the  City  Paving 
Dept.  on  the  completion  of  the  sub- 
way. 

Thirty-seven  hundred  sixty-one  cu. 
yds.  of  plain  concrete,  having  pro- 
portions of  1 :3  :6  were  used  in  con- 
structing the  side  walls  and  abut- 
ments, which  are,  under  the  tracks,  3' 
thick  at  the  top,  7'  6"  thick  at  the 
base  and  rest  on  spread  footings  10' 
wide.  The  wing  walls  of  the  ap- 
proaches were  designed  to  serve 
merely  as  retaining  walls  and  the 
abutments  under  the  two  roadways 
are  *of  similar  but  lighter  construc- 
tion. 

Probably  the  most  interesting  fea- 
ture from  an  engineering  stand- 
point is  the  track  floor,  which  is 
built  up  of  26-in.  Bethlehem  I-beams 
weighing  150  lbs.  per  ft.  and  spaced 


3'  ,ipart,  sup|)orling  an  8-in.  con- 
crete floor  slab  reinforced  witli  cor- 
rugated bars',  the  concrete  being  ex- 
tended down  to  the  bottom  flanges  of 
the  beams  forming  a  hauncli  which 
reduces  the  clear  s))an  of  the  floor 
slab  to   16",  as  shown  in  Fig.  3. 

The  top  of  this  floor  was  water- 
pro()f(;d  with  Barrett  Specification 
five-ply  felt  and  ))itch^  and  paved 
with  hard  burned  brick  laid  flat  and 
grouted  with  pitch.  On  this  for  a 
floor  the  ties  for  the  track  were 
bedded  in  15"  of  broken  stone  bal- 
last, a  form  of  construction  readily 
admitting  of  changes  in  alignment  or 
slight  changes  of  grade. 

The  Fifth  St.  roadways  were  con- 
structed in  much  the  same  manner, 
18-in.  I-beams  being  used,  while  the 
concrete  floor  slab  was  reduced  to  6" 
but  reinforced  with  Steelcrete^  while 
the  waterproofing  was  applied  with 
a  coating  of  gravel  instead  of  brick. 

Standard  three-rail  pipe  railings 
composed  of  ll/o-in.  and  2-in. 
wrought  iron  pipe  and  fittings  were 
used  to  protect  the  jaortals  and  the 
sidewalk  in  the  subway,  while  a  61/2" 
ft.  board  fence  was  erected  between 
the  tracks  and  the  Fifth  St.  roadway. 

Detailed  bids  on  the  general  con- 
tract were  received  in  June,  1913, 
the  final  award  being  made  to  the 
Southern  Eng.  &  Const.  Co.,  Macon, 
which  submitted  the  lowest  of  21 
bids,  ranging  from  .$58,511.75  to 
$86,702.20.  Actual  construction  be- 
gan in  August  under  the  personal 
direction  of  Chas.  M.  Preston,  the 
president  of  this  company,  and  pro- 
gressed without  serious  interruption 
imtil  completed  8  mos.  later,  the 
greatest  delay  being  occasioned  by 
the  inability  of  the  railways  to  sur- 
render the  use  of  more  than  two  of 
their  tracks  at  a  time,  two  wks.  be- 
ing required  to  construct  the  floor 
sections  and  allow  the  concrete  to  set 
sufficiently  to  take  the  load. 

-Corrugated  Bar  Co.,  Buffalo, 

^Barrett  Mfg.  Co..  'N'.  V.  C. 

^The  Consolidated  Expanded  Metal  Com- 
panies, Braddock,  Pa. 


Fig.  1 — Plax  of  Bay  St.  Uxderpass,  Siiowixg  Track  Layout. — ^Macox,  Ga. 

February,  1915 
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Fig.  2 — Cross-Sectiox  of  Bay  St.   Underpass  at  Tracks 


The  preparatory  work  of  taking 
care  of  its  tracks  and  those  of  the  ad- 
jacent railways  during  construction 
was  done  b}'  the  Central  of  Georgia 
Ry.'s  own  forces  and  consisted  prin- 
cipally in  providing  for  an  under- 
ground false  work  to  carry  these 
tracks  and  roadways  during  the  exca- 
vation and  construction.  Two  of  the 
tracks  were  shifted  in  their  alignment 
and  some  slight  changes  in  grade 
made  to  anticipate  developments  in 
the  yard  below. 

The  16  tracks  and  two  roadwavs, 
one  10'  and  the  otlier  16'  wide,  were 
each  carried  on  five  rows  of  three- 
pile  bents,  extra  piles  being  used 
where  the  tracks  were  doubled 
through  the  switches,  requiring  a 
total  of  226  piles  which  were  driven 
with  a  standard  railway  pile  driver 
to  a  safe  depth  before  excavation  be- 
gan. These  were  capped  with  12-in. 
X  12-in.  timbers  which  then  carried 
triple  7l/^-in.  x  15-in.  track  stringers 
under  eacli  rail,  and  extending  2.5' 
beyond  the  outer  bents  onto  solid 
foundation  either  way,  as  shown  in 
Fig.  4.  Between  rail  and  stringers 
8-in.  X  8-in.  sawed  bridge  ties  were 
used  and  the  whole  area  of  streets 
and  roadways  floored  with  2-in.  x 
10-in.  planking.  Portions  of  this 
temporary  floor,  and  a  portion  of  the 
abutment  walls  are  clearl}^  shown  in 
the  views.  Two-in.  x  10-in.  bracing 
was  applied  in  the  j)lane  of  the  bents 
as  the  dirt  was  removed  and  the  whole 
structure  was  as  thoroughly  bolted 
and  drift-bolted  as  though  intended 
for  a  permanent  structure. 

Bids  for  the  work  were  made  out 
in  detail  for  the  various  parts,  as 
excavation,  concrete,  waterproofing, 
etc.,  and  some  of  these  items  will  be 
given  detailed  consideration  in  the 
matter  of  construction  costs. 

Sixteen  thousand  fifty-three  eu. 
yds.  of  neat  excavation  were  called 
for  in  the  proposal  sheet  and  figured 
at  55  cts.  per  cu.  yd.     This  part  of 
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the  work  was  sublet  to  J.  White,  a 
local  grading  contractor,  for  47  cts. 
Excavated  material  was  disposed  of 
on  adjacent  property,  most  of  it 
being  hauled  less  than  500'  from  the 
portals  of  the  subway.  Excavation 
of  the  approaches  was  easily  and 
rapidly  handled  with  wheeled  scrap- 
ers for  14  cts.  per  cu.  yd.  but  under 
the  trestle  supported  tracks  the 
scrapers  had  to  be  abandoned  in 
favor  of  one-horse  dump  carts  load- 
ed with  pick  and  shovel,  this  work 
costing  27  cts.  per  cu.  yd.,  down  to 
4'  above  sub-grade  where  owing  to 
the  necessity  of  taking  care  of  water 
the  cost  of  handling  jumped  to  60 
cts.  and  75  cts.  per  cu.  yd.  Team 
and  negro  driver  were  paid  or  al- 
lowed stable  charges  of  40  cts.  per 
hr. 

Included  in  the  unit  cost  of  excava- 
tion was  the  removal  of  the  piling 
after  the  superstructure  had  been 
finished  and  this  cost  $4.50,  practical- 
ly $2.00  per  pile.  Excavation  also  in- 
cluded backfilling  around  the  abut- 
ments using  J'  of  cinders  next  to  the 
wall  to  admit  of  sub-soil  drainage. 

Naturally  in  a  job  of  this  kind  the 
important  item  is  the  concrete,  which 


was   of   three   classes,   the    following 
being  the   quantities   and   price   bid: 

3,761  CU.  yds.  plain  concrete  ®.$  6.00  per  yd, 
324  cu.  yds.  of  reinforced  class 

A    concrete    @ 15.00  per  yd. 

127  cu.  yds.  of  reinforced  class 

B  concrete  @ 17.50  per  yd. 

Plain  concrete  of  the  proportions 
of  1:3:6  using  114-in.  crushed  Bir- 
mingham slag  was  used  for  all  of  the 
monolithic  work  such  as  wing  walls, 
footings  and  abutments  under  the 
tracks. 

Class  "A"  concrete,  having  the 
l)roportions  of  1:2:4,  using  %-in. 
crushed  granite  from  the  Parker 
quarry,  was  used  for  the  reinforced 
floor  work  under  the  tracks,  the  price 
bid  including  the  Johnson  reinforc- 
ing bars'  costing  $33  per  ton  f.  0.  b. 
Macon. 

Class  "B"  concrete,  used  in  the 
Fifth  St.  and  the  Sixth  St.  roadways, 
was  of  the  same  proportions  but  was 
reinforced  with  Steelerete  mesh*, 
which  was  included  in  the  price  bid. 

The  following  material  was  used  in 
putting  up  these  three  classes  of  con- 
crete : 

5,200  bbls.  of  Portland  cement  in  bags, 
per  bbl.  net $  1.62 

2,300  cu.  yds.  pit  sand  per  wagon  load 
of    24   cu.    ft 0.75 

4,000  tons  crushed  slag  @  30  cts.,  freight 

@   95  cts 1.25 

450  tons    %-in.  crushed   granite 1.52 

54  M.  ft.  of  lumber  for  forms 16.00 

37.8  tons  of  Johnson  bars  per  ton 33.00 

512  sq.  yds.  of  Steelerete,  per  yd 0.64 

Form  work  naturally  forms  an  im- 
portant part  of  the  erection  costs  of 
concrete,  2  x  lO's  being  used  for  lag- 
ging throughout,  a  good  portion  of 
this  material  being  used  the  third 
and  fourth  time,  giving  a  material 
cost  of  20  cts.  per  cu.  yd,  on  the  plain 
concrete  and  25  cts.  per  cu.  yd.  on 
the  reinforced  work.  Carpenters 
were  paid  at  the  rate  of  $3.33  per 
10-hr.  day  and  their  labor  reduces  to 
75  cts.  per  cu.  yd.  on  the  plain  con- 
crete and  $1.75  on  the  reinforced 
Avork. 

The  method  of  mixing,  handling 
and  placing  of  concrete  was  simple 
yet    effectively    cheap.      The    Insley 
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Fig.  3 — Detail  of  Fi.ook  for  Tracks— Bay  St.  Underpass 
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•chuting  system'  suspended  from 
wire  cables  attached  to  the  top  of  the 
hoist  was  used,  permitting  a  delivery 
of  the  wet  concrete  to  any  part  of 
the  work  without  any  interference  on 
account  of  the  railway  traffic  (see 
Fig.  5).  This  equipment  cost  $1,300. 
The  frame  hoisting  tower  cost  50  cts. 
per  ft.  of  height  for  material  and 
$1.00  per  ft.  for  labor  to  erect  and 
about  $25   to  take  down.     Concrete 

^Insley  Mfg.  Co.,  Indianapolis 


was  mixed  in  a  %-yd.  Standard 
batch  mixer*  placed  adjacent  to  the 
base  of  the  tower  and  operated  by  an 
electric  motor, .while  another  motor 
operated  the  hoist.  The  entire  plant 
cost  erected  approximately  $2,500 
and  allowing  15%  for  depreciation 
and  labor  in  connection  with  its  erec- 
tion gives  an  equipment  charge 
against  the  concrete  of  9  cts.  per  cu. 

yd. 

^The  Standard  Scale  &  Supply  Co.,  Chicago 


Fig.  o — General  View  of  Bay  St.  Underpass  at  Macon,  Ga.,  Showing  Retaixijto 
Wall  and  Distributing  Tower-  for  Concrete 

February,  1915 


The  labor  cost  of  mixing  and  de- 
livering the  concrete  to  the  forms 
averaged  62  cts.  per  cu.  yd.,  althougli 
some  sections  of  the  work  were 
placed  for  as  low  as  18  cts.  Negro 
labor  was  used,  being  paid  $1.25  per 
day  of  10  hrs. 

The  above  figures  reduce  to  ap- 
proximately the  following  unit  costs 
per  cu.  yd,  of  concrete  in  place. 

Plain  concrete,  1:3:6 
1.06  tons  of  crushed  sla^  ((/).. $1  .32 
0.57  cu.  yds.  of  pit  sand  @..      0.48 
1  1    bbls.   of  Portland  cement 

(TD      l-<8 

Lumber  for  forms  @ 0.20 

Labor  erecting  forms  includ- 
ing removal    0.75 

Concreting   labor    @ 0.62 

Proportional  equipment  cost.     0.09 

Total     (exclusive    of    over- 

liead)     J  5^-24  per  cu.  yd. 

Class   "A"   concrete,    1 :2 :4   mixture 

1  ton  crushed  %-in.  granite..!  1.52 

0.47  cu.  yds.  of  pit  sand  de- 
livered         0.39 

1.6  bbls.  of  Portland  cement.     2.59 

Lumber  for  forms 0.25 

Labor  erecting  and  removing 
forms    l-'-* 

190  lbs.  Johnson  bar  reinforc- 
ing       311 

Reinforcing    labor    O.fiO 

Concreting  labor  0.62 

Additional      labor     on      rein- 
forced   concrete    0.38 

Proportion  of  equipment  cost     0.09 

Total     (exclusive    of    over- 
head)      fll.33  per  cu.  yd. 

Class  "B"  concrete,  1:2:4  mixture 
1    ton   crushed    %-in.   granite.!  1.52 

0.47  cu.  yds.  pit  sand 0.39 

1.6  bbls.  Portland  cement 2.59 

Lumber    for    forms 0.25 

Labor  erecting  and  removing 

forms    l-"5 

403  sq.  yds.  of  Steelcrete 2.5 1 

Reinforcing  lab:>r 0.80 

Concreting   labor    0.62 

Extra     labor     on     reinforced 

concrete   0.38 

Proportion  of  equipment  cost     0.09 

Total     (exclusive    of    over- 
head)     $10.93  per  cu.  yd. 

One  hundred  ninety-three  and  one- 
half  tons  of  structural  steel  were 
used  in  the  deck  under  the  tracks  and 
roadways,  for  which  $60  per  ton  Avas 
bid,  and  sublet  to  the  J.  S.  Scofield 
&  Son's  Co.,  :Macon,  at  $53.50  per 
ton  in  place.  This  material  consisted 
principally  of  26-in.  Bethlehem  I- 
ijcams.  weighing  150  lbs.  per  ft.,  un- 
der the  tracks  and  18-in.  Bethlehem 
I-beams  under  the  roadways,  very  lit- 
tle in  the  way  of  fitting  and  punch- 
ing being  required. 

Class  "A"  waterproofing  consisted 
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in  applying  19,000  sq.  ft.  %-in.  thick 
of  Barrett's  common  pitch  to  the 
backs  of  the  retaining  walls  and  abut- 
ments, for  which  the  contractor  re- 
ceived 1/2  ct.  per  sq.  ft.  but  owing  to 
the  difficulty  of  applying  to  the  damp 
concrete  and  cold  weather  this  work 
cost  ll/^  cts.  per  sq.  ft. 

Class  "B"  waterproofing  consisted 
in  applying  5-ply,  of  Barrett's  Spe- 
cification felt  and  pitch  to  15,730  sq. 
ft.  of  tlie  deck  under  the  railway 
tracks,  on  which  were  laid  hard  burn- 
ed brick  flat  side  down  and  grouted 
with  pitch.  Fifteen  cts.  per  sq.  ft. 
was  bid  on  this  work,  the  waterproof- 
ing being  let  for  $;).23  })er  square, 
not  including  the  brick. 

Class  "C"  waterproofing  consisted 
of  an  application  of  .>-ply  Barrett's 
Specification  felt  and  pitch  to  the 
6,000  sq.  ft.  of  deck  under  the  Fifth 
St.  and  the  Sixth  St.  roadways  for 
which  10  cts.  was  bid  and  which  cost 
$5.33  per  square,  with  40  cts.  added 
for  gravel. 

Seven  hundred  fifty  lin.  ft.  of 
curbing  varying  from  8"  x  18"  to 
8"  X  36"  was  constructed  for  from 
35  cts.  to  40  cts.  per  ft.  Three  hun- 
dred seventy-five  sq.  yds.  of  5-it. 
sidewalk  were  constructed  at  a  cost 
of  9  cts.  per  ft. 

One  hundred  ft.  of  7^2"^^-  board 
fence  painted  two  coats  of  red  lead 
paint  were  constructed  between  Sixth 
St.  and  the  railroad  tracks  at  a  cost 
of  50  cts.  per  sq.  ft.,  including  paint. 
Seven  hundred  ,fty  lin.  ft.  of 
three-rail  wrought  iron  pipe  railing 
using  li/.-in.  and  2-in.  pipe  were 
erected  along  the  edge  of  the  side- 
walk in  the  tunnel  and  on  the  para- 
pets at  a  cost  of  73  cts.  per  ft.,  in- 
cluding ))aint. 

In  addition  to  the  above  there  was 
considerable  work  included  in  the 
general  contract  in  the  way  of  chang- 
ing old  sewers,  building  new  sewers 
and  manholes  and  changing  location 
of  water  mains,  none  of  which  pre- 
sents any  features  in  the  way  of 
costs  or  construction  of  sufficient  in- 
terest to  warrant  incorporating  in 
this  article. 

The  entire  cost  of  the  subway  was 
borne  by  the  three  railroads  interest- 
ed, witli  the  exception  of  one-third  of 
the  cost  of  the  concrete  paving,  which 
was  borne  by  the  City  of  Macon. 


Notes  on  the  Tests  of  Some  Large  Reinforced 
Concrete  Culvert  Pipe^ 


In  using  crusher-run  materials  as 
concrete  aggregates,  study  crusher 
conditions  so  as  to  obtain  a  reason- 
ably uniform  product.  Crusher-run 
.sometimes  means  to  the  (juarry  man 
everything  in  his  quarry  that  can  be 
gotten  onto  a  shovel.  If  the  rock  dust 
is  not  uniformly  distributed  it  may 
be  best  to  screen  it  out  and  use  it  as 
sand. 
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In  tlie  sunnner  of  1914  the  Good 
Roads  Section  of  the  Engrg.  Ex}). 
Sta.,  in  co-operation  with  the  C.  F. 
Massey  Co.,  Chicago,  made  strength 
tests  of  reinforced  concrete  culvert 
pipes  in  sizes  of  from  18"  to  48"  in 
diameter.  The  purpose  of  these 
tests  was  to  secure  data  on  the  sup- 
porting strength  which  would  be  com- 
parable with  similar  data  for  other 
types  of  pipes  and  with  data  from 
future  tests.  The  only  previously 
published  data  on  the  strength  of 
such  pipe  are  those  in  Bulletin  22  of 
the  111.  Engrg.  Exp.  Sta.  and  are  the 
results  of  tests  conducted  by  Prof.  A. 
N.  Talbot.  In  Prof.  Talbot's  inves- 
tigation the  pipes  were  given  the 
benefit  of  lateral  support  by  being 
tested  in  a  rigidly  constructed  box 
with  the  space  (about  12")  between 
the  pipe  and  the  side  of  the  box  ram- 
med full  of  sand.  In  order  to  ob- 
tain data  which  would  be  comparable 
with  those  from  tests  of  other  kinds 
of  pipe,  the  Iowa  method  of  distri- 
buted sand  bearing  was  used  in  these 
tests. 

DESIGN   OF   TEST    PIPES 

All  of  the  13  pipes  tested  were 
made  by  the  Massey  Co.  at  its  Chica- 
go and  its  Minneapolis  ])lant  and  fur- 
nished free  of  charge  to  the  Experi- 
ment Station.  The  i)ipes  were  ellip- 
tical in  shajje,  with  one  ring  of  cir- 
cular reinforcing,  thus  bringing  the 
reinforcing  nearer  the  tension  faces 
when  the  i)ipe  is  loaded  with  the  long 
diameter  vertical.  The  ])ipes  were 
all  of  the  tyj)e  connnonly  known  as 
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"bell  and  sj)igot."  and  were  in  8-ft. 
lengths,  as  shown  in  Figs.  1  and  2. 
The  design  was  the  same  for  all 
sizes,  the  only  difference  being  in 
the  dimensions  of  the  pipes  and  in 
the  amount  and  kind  of  reinforcing. 
The  reinforcing  in  36-in.  and  48- 
in.  pijie  was  of  %-in.  bars,  spaced  3" 
and  3%",  respectively,  with  %-in. 
longitudinal  bars  to  which  the  circu- 
lar rings  were  securely  wired.  By 
measurement  after  the  pipes  were 
tested  the  distances  between  the  cir- 
cular rings  in  some  pipes  were  found 
to  vary  as  much  as  4".  The  pipes 
were  designed  to  have  the  reinforc- 
ing at  1"  from  the  tension  face  at 
top,  bottom  and  sides.  By  measure- 
ments after  the  test,  the  greatest 
variation  was  found  in  pipe  No.  703, 
in   which   this    distance   varied    from 

%"  to  114".       - 

In  the  other  three  sizes  triangular 
mesh  concrete  reinforcement  was 
used,  No.  4  mesh  being  used  for  the 
18-in.  pipe  and  No.  23  mesh  for  the 
24-in.  and  30-in.  sizes.  Measure- 
ments taken  after  the  test  did  not 
check  very  closely  with  the  stand- 
ards for  this  mesh  either  in  size  of 
longitudinal  wires  or  in  the  spacing 
between  these  wires.  The  percen- 
tages of  reinforcing  were  calculated 
as  the  area  of  reinforcing  in  a  unit 
section  divided  by  the  area  of  that 
section  of  the  pipe  wall  between  the 
center  line  of  the  reinforcing  and 
the  compression  face  of  the  tile  wall. 

TESTING    MACHINE 

In  order  to  make  strength  tests  of 
these  large  pipes  a  special  machine 
had  to  be  constructed.     The  general 
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Fig.  3 — Staxdahd  40-in'.  x  ;i()-ix.  Conchete  Cui.vekt  Pipe,  Showing  Steei,  Bar   Re- 
inforcing 


features  of  the  machines  are  shown 
in  Fig.  3.  The  wooden  frame  was 
used  simply  to  support  the  upper  I- 
beams  and  the  hydraulic  jacks  while 
preparing  the  pipe  and  the  upper 
sand  bearing  for  the  test.  The  pres- 
sure was  applied  by  two  (later  one) 
100-ton,  12-in.  runout,  independent 
pump  hydraulic  jacks  through  sand 
bearings  over  1/4  the  circumference  of 
the  center  line  of  the  pipe  wall,  using 
the  short  diameter  and  a  circular  sec- 
tion in  calculating  this  distance.  After 
the  first  test  it  was  found  necessary 
to  reinforce  the  sides  of  the  sand 
boxes  by  running  a  1-in.  bolt  through 
each  sand  box.  After  the  first  three 
tests  it  was  found  that  one  jack  was 


sufficient.  The  machine  was  accord- 
ingly altered  so  as  to  bring  one  set 
of  I-beams  over  the  center  of  the 
pipe. 

DEFLECTION    MEASUREMENTS 

Deflection  measurements  were 
taken  on  all  pipe  when  placed  in  the 
machine  and  during  the  application 
of  the  load.  The  measurements  were 
taken  between  brass  plates,  cemented 
to  the  pipe  wall  by  means  of  an 
Ames  diar  attached  to  a  micrometer. 
The  changes  in  both  the  vertical  and 
the  horizontal  diameters  were  obtain- 
ed, measurements  being  taken   after 
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each  increment  of  tlic  h)ad  until  the 
cracking  of  the  pipe  flisplaced  the 
brass  plat(;s.  'J'lie  large  dial  shown 
on  the  end  of  the  i)ij)c  in  T'ig.  /J  was 
used  as  a  check  on  the  changes  in  the 
horizontal  diameter  and  for  measur- 
ing the  deflections  when  the  pipe  was 
near  failure. 

The  relation  of  the  center  of  the 
application  of  the  load  to  tlie  center 
of  the  pipe  is  shown  in  Fig.  2.  The 
load  was  aj)j)lied  in  8-ton  increments 
when  two  jacks  were  used  and  in  4- 
ton  and  2-ton  increments  when  only 
one  jack  was  used.  After  each  in- 
crement of  load  the  deflection  meas- 
urements were  taken  and  the  number 
and  extent  of  the  cracks  noted.  The 
loading  was  continued  until  no  great- 
er load  could  be  obtained  uj)on  the 
jack  gauges  when  the  pumps  were 
operated  at  normal  speed. 

CHARACTER    OF    CRACKS 

In  some  respects  the  manner  of 
cracking  of  all  these  pipes  was  Aery 
similar.  Usually  cracks  appeared  in 
either  or  both  top  and  bottom  before 
they  did  in  the  sides.  In  no  case  did 
cracks  appear  in  top,  bottom  and 
sides,  and  in  the  bell  end  at  the  same 
time.  In  three  cases,  Nos.  708,  709 
and  713,  cracks  appeared  in  top,  bot- 
tom and  sides,  in  the  spigot  end.  at 
the  same  time.  In  one  case,  pipe  No. 
712,  cracks  appeared  in  top,  bottom 
and  one  side  in  the  sjiigot  end  at  the 
same  time.     These  facts  indicate  that 


Fig.  3 — The  Testing  Machine  and  Pipe  No.  Till   as  It  Appeared   After   the    Maximum  Load   Had  Been   Applied. 
Location  of  the  Principal  Side  Failure  and  the  Comparatively  Small  Number  of  Cracks  in  the  Side  Exposed 


Note   the 


Fig.  4 — Pipe  No.  705  After  the  Maximum  Load,  Showing  the  Typical  Manner  of  Crushing  of  Mesh  Reinforced  Pipe.     Note 
THE  Location  of  the  Principal  Side  Failure  with  Reference  to  the  Center  Line 

Fig.  5 — Pipe  No.  702  After  the  Maximum  Load  Showing  the  Pulling   Out  of   the    Reinforcing    and   the    Crushing   at   the 
Compression  Faces  on  the  Side.    The  Crushing  Was  Never  Noted  Until,  or  After,  the  Maximum  Lo.\d 
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the  pijips  were  weaker  at  the  sj^igot 
end. 

It  was  interesting  to  note  tliat.  in 
the  bar-reinforced  pipes,  cracking, 
especially  on  the  sides,  was  confined 
to  a  few  main  cracks  (see  Fig.  3), 
while  in  the  mesh-reinforced  pipes 
the  cracking  in  the  sides  was  much 
more  distributed  and  irregular — -(see 
Fig.  4).  In  all  cases  the  cracking 
in  top  and  in  bottom  was  confined  to 
a  smaller  number  of  cracks  than  in 
the  sides.  In  those  pipes  in  which 
the  concrete  appeared  denser  and  of 
better  quality  the  cracking  did  not 
start  at  so  low  a  load,  but  generally 
developed  more  rapidly.  There  seems 
to  be  no  fixed  relation  between  the 
load  at  which  cracking  begins  and 
the  maximum  load. 

All  difference  in  the  character  and 
number  of  cracks  seems  to  be  tracea- 
ble to  the  amount,  kind  and  location 
of  the  reinforcing.  It  has  been 
stated  that  cracks  usually  appeared 
in  top  and  bottom  before  they  did  in 
the  sides.  This  is  to  be  expected 
when  such  pipes  as  these  are  tested 
with  the  distributed  sand  bearings,  as 
the  moments  were  greater  at  the  top 
and  bottom  than  at  the  sides  and  the 
reinforcing  is  less  effective.  When 
the  pipes  are  tested  the  top  and  bot- 
tom portions,  also  the  sides,  tend  to 
flatten  out,  causing  a  tendency  for 
the  reinforcing  to  pull  out  of  the 
pipe  wall.  At  the  top  and  the  bot- 
tom this  pulling  out  tendency  is  re- 
sisted by  a  comparatively  thin  layer 
of  concrete  (see  Fig.  5).  The  rein- 
forcing in  the  sides  is  subjected  to 
the  same  tendencies  but  here  the  pull- 
ing out  is  resisted  by  a  thicker  la3'Pr 
of  concrete. 

The  main  failure  cracks  at  the 
sides  occurred  at  some  distance  above 
or  below  the  center  line  and  quite 
close  to  the  point  at  which  the  rein- 
forcing crosses  the  neutral  axis  of 
the  pipe  wall.  The  point  of  zero 
bending  moment  for  a  circular  ring 
loaded  as  in  these  tests  is  near  the 
45-deg.  point.  In  these  pipes  the  re- 
inforcing crosses  the  neutral  axis  of 
the  pipe  wall  at  21/2",  5I/2"  and  8I/2'' 
below  and  above  the  45-deg.  point  for 
the  18-in.,  30-in.,  and  48-in.  pipe,  re- 
spectively, or  5",  9"  and  141/2" 
above  (and  below)  this  point  (see 
Fig.  5). 

One  pipe  was  reinforced  with  cor- 
rugated bars,  but  there  was  nothing 
to  indicate  that  this  reinforcing  was 
any  more  effective  than  the  smooth 
bars.  When  bell  pipes  are  laid  with 
uncemented  joints,  a  portion  of  the 
spigot  end  of  each  pi])e  receives  no 
load.  When  these  same  pipes  are 
laid  with  cemented  joints,  each  end 
of  each  j)ipe  is  equally  rigid  and  will 
deflect  the  sam(;  amount.  In  an  ef- 
fort  to  approximate  both  the  above 
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conditions  and  at  the  same  time  to 
adhere  to  the  standard  sjiecifications 
for  loading,  which  requires  a  full- 
length  loading,  the  center  of  the  load 
was  placed  at  a  small  distance  from 
the  center  of  the  pipe  toward  the  bell 
end.  In  the  48-in.  pipe  a  loading 
4I/2"  off  center  seemed  to  give  equal 
deflection.  However,  these  tests  were 
not  extensive  enough  to  determine 
either  the  effect  or  the  proper  dis- 
tance of  off-center  loading. 

LOAD    DEFLECTION    CURVES 

By  observation  of  the  pipe  under 
test  and  by  a  fitudy  of  tlie  collected 
data  it  was  clearly  seen  that  at  some 
load  less  than  the  maximum  load  a 
loading  was  reached  beyond  which 
the  pipe  would  be  inisafe.  There  was 
a  decided  change  in  the  direction  of 
the  load-deflection  curves  at  a  load 
near  and  usually  below  half  the 
maximum  load.  This  load,  taken 
from  the  load-deflection  diagrams, 
was  found  to  come  just  before  the 
load  at  which  the  first  full-length 
crack  appeared,  except  in  two  eases, 
where  it  came  just  after  the  load  that 
produced  the  first  full  length  crack. 
This  load  was  termed  the  "Critical 
Load." 

Standard  absorption  tests  were 
made  upon  two  pieces  taken  from 
each  tile  tested.  There  seems  to  be 
no  fixed  relation  between  the  absorp- 
tion and  either  the  critical  or  the 
maximum  load. 

The  records  of  the  deflections  of 
these  pipes  showed  that  at  the  criti- 
cal load  the  elongation  of  the  hori- 
zontal diameter  was  from  .01"  to 
.05",  and  at  the  highest  load  at  which 
it  was  possible  to  measure  the  deflec- 
tion it  was  from  .04"  to  1.2",  with 
an  average  of  from  .05"  to  .75". 
It  is  readily  seen  that  for  lateral 
extension  of  .01"  to  .05"  the  ditch 
filling  would  not  be  sufficiently  com- 
pressed to  give  any  lateral  support. 
This  is  especially  significant  when 
considered  in  connection  with  the 
fact  that  the  critical  load  was,  ap- 
proximately, the  load  at  which  a  full 
length  crack  was  developed. 

CONCLUSIONS 

As  far  as  this  series  of  tests  is 
concerned,  certain  points  seem  to  be 
brought  out  quite  clearly.  The  pull- 
ing out  of  the  reinforcing  was 
usually  noticed  when  the  ])ipes  were 
subjected  to  a  load  higher  than  the 
critical  load,  but  it  seems  reason- 
able to  suppose  that  the  bond  be- 
tween the  concrete  and  the  steel  had 
been  impaired  before  the  pulling  out 
occurred,  thus  bringing  these  two 
loads  nearer  together.  It  seems  evi- 
dent that  some  method  of  anchoring 
the  reinforcing  at  the  to|i  and  the  bot- 
tom would  have  made  the  steel  more 
effective.      The    dev.eloi)ment   of   the 


principal  side  cracks  so  near  to  the 
point  where  the  reinforcing  crosses 
the  neutral  axis  indicates  that  the  re- 
inforcing would  have  been  more  effi- 
cient had  it  been  so  located  as  to  cross- 
the  neutral  axis  of  the  pipe  wall  at 
the  45-deg.  2:)oint.  Although  no  def- 
inite turning  point  was  evident  dur- 
ing the  tests,  the  data  show  that  the 
safe  load  for  these  pipes  was  some- 
what less  than  ^o  the  maximum  load. 
However,  the  series  of  tests  is  so 
limited  that  no  general  conclusions 
can  be  drawn.  The  above  statements 
are  applicable  to  the  specimens  test- 
ed, but  should  not  be  considered  as 
applying  to  reinforced  pipe  in  gen- 
eral. 


Philadelphia  is  rapidly  substitut- 
ing concrete  sewers  for  brick  sewers 
and  for  the  most  substantial  of  rea- 
sons. Referring  to  the  work  of  sew- 
er building  in  the  Quaker  city, 
George  S.  Webster,  Chf.  of  the  Bur. 
of  Surveys,  gives  numerous  reasons 
for  the  use  of  concrete. 

He  says:  "Concrete  absorbs  less 
of  the  water  in  the  soil  than  brick, 
and  it  is  stated  that  seepage  into  a 
sewer  system  as  large  as  that  in 
Philadelphia  amounts  to  millions  of 
gallons  a  day."  Obviating  this- seep- 
age. Chief  Webster  states,  will  be  a 
material  factor  in  the  design  of  the 
new  sewage  disposal  plant  because 
excluding  the  drainage  water  from 
the  sewer  will  materially  reduce  the 
quantity  of  sewage  to  be  handled  in 
the  disposal  plants. 

He  also  states  that  "concrete  pipe 
is  also  more  economical  in  some  re- 
spects. Oval  brick  sewers,  2'  x  3' 
in  diam.,  require  two  layers  of  brick 
to  be  substantial,  bricklayers  are  a 
highly  paid  class  of  skilled  labor, 
and  their  wages  add  greatly  to  the 
cost  of  brick  sewers.  Concrete  pipe 
can  be  made  by  common  laborers  in 
charge  of  a  skilled  foreman.  The 
laying  of  the  joints  of  concrete  pipe 
also  is  done  chiefly  by  common  la- 
bor." 

Another  point  which  was  brought 
out  with  reference  to  concrete  sew- 
ers is  in  connection  with  the  wide  use 
of  gasoline.  Destructive  explosions 
in  sewers  from  waste  gasoline  which 
is  washed  off  the  streets  and  from 
garages  are  a  new  danger  in  large 
cities.  Concrete  pipe  Avithstands 
such  explosions  better  than  brick 
sewers,  so  the  report  says. 


Do  not  oil  form  work  after  the 
steel  reinforcement  has  been  placed, 
if  as  a  result  of  so  doing  the  oil  will 
come  in  contact  with  the  metal,  as 
this  destroys  the  bond  between  con- 
crete and  steel. 
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Field  Methods  in  Concrete  Construction- 
Proportioning  and  Mixing  Concrete 


By  Jerome  Cochran,  C.  E. 


The  series  of  articles  on  field  meth- 
ods in  concrete  construction,  of  rvhich 
this  is  the  second,  has  been  planned 
in  opposition  to  the  general  assump- 
tion on  the  part  of  writers  that  stand- 
ards or  methods  of  construction  have 
been  long  ago  established  and  have 
become  common  knowledge.  The  first 
article  on  "Concrete  Materials"  ap- 
peared in  this  journal  for  Jan.,  1915. 
The  following  article  relates  to  the 
proportioning  and  mixing  of  concrete. 
The  next  article  will  be  on  form 
work. 


PROPORTIONING  CONCRETE 

With  the  proper  cement,  sand, 
broken  stone  or  gravel  selected,  the 
next  step  is  to  proportion  them  prop- 
erly so  as  to  produce  a  dense  concrete 
in  which  the  mortar  will  fill  all  the 
voids,  and,  when  rammed  in  place, 
free  mortar  will  flush  to  the  surface. 
The  difficulties  in  arriving  at  any  def- 
inite rules  for  obtaining  the  maximum 
density  arise  from  the  great  variation 
in  the  various  elements  affecting  the 
work,  no  two  materials  being  exactly 
alike,  and  rules  deduced  from  one 
set  of  experiments  being  of  very 
doubtful  value  when  applied  to  other 
conditions.  Two  well  established 
laws,  however,  govern  the  theoi*y  of 
proper  proportioning,  namely: 

(1)  With  the  same  percentage  of 
cement  in  a  unit  volume  of  concrete, 
the  strongest  and  most  impermeable 
concrete  is  that  which  has  the  greatest 
density. 

(2)  If  the  sand  and  stone  remain 
the  same,  the  strongest  and  most  im- 
permeable concrete  is  that  containing 
the  greatest  percentage  of  cement  in 
a  unit  volume. 

Too  much  refinement  is  unneces- 
sary in  proportioning  materials,  as  it 
is  impossible  to  fill  all  the  voids  in 
concrete.  The  cement  and  sand  can- 
not be  perfectly  distributed,  and  the 
water  used  in  the  mixing  causes  the 
sand  to  swell  (increasing  the  voids 
about  10%)  due  to  a  film  of  water 
surrounding  the  grains  that  cannot  be 
entirely  displaced  by  the  cement. 
Voids  always  remain  throughout  the 
densest  concrete  after  the  water 
evaporates,  and  some  shrinkage  of  the 
mass  occurs. 

The   sand   should  be  well   graded 
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from  coarse  to  fine,  the  coarse  parti- 
cles (not  exceeding  ^-in.  in  size) 
predominating,  so  that  when  mixed 
with  the  cement  required  it  will  pro- 
duce a  dense  and  compact  mortar. 
For^  unimportant  work  it  is  sufficient 
to  mix  the  fine  and  the  coarse  aggre- 
gates by  individual  judgment  in  such 
relative  proportions  as  will  insure 
maximum  density,  using  correspond- 
ingly higher  proportions  of  cement. 
This  is  usually  done  by  selecting  the 
proportion  of  cement  to  sand  which 
will  give  the  required  strength  to  the 
concrete,  and  then  use  twice  as  much 
broken  stone  or  screened  gravel  as 
sand.  For  important  work  these  pro- 
portions should  be  carefully  deter- 
mined by  density  experiments,  and 
the  sizing  of  the  fine  and  the  coarse 
aggregates  should  be  uniformly  main- 
tained, or  the  proportions  changed  to 
meet  the  varying  sizes. 

The  proportions  of  cement,  sand 
and  stone  should  be  chosen  after  a 
very  careful  study  of  the  local  condi- 
tions and  the  available  materials. 

A  very  frequent  mistake  is  made 
in  the  interpretation  of  1 :2 :4i  con- 
crete as  equivalent  to  1  part  of  ce- 
ment and  6  parts  of  inert  aggregate, 
entirely  disregarding  the  volumetric 
composition.  A  typical  instance  may 
occur  in  the  substitution  of  a  natur- 
ally mixed  gravel  on  work  requiring 
a  1 :2  r^  mixture,  the  contractor  fre- 
quently assuming  the  liberty  of  using 
6  parts  of  gravel,  governing  the  in- 
terpretation of  a  1 :2 :4'  specification 
as  requiring  the  strength  of  a 
1  :2  mortar,  when,  correctly,  gravel 
should  only  be  used  in  proportion  so 
as  to  provide  2  parts  of  the  finer 
aggregate.  In  one  instance,  a  con- 
tractor insisted  that  a  proportion  of 
1  of  cement  to  6  of  gravel  meant  one 
sack  of  cement  to  6  wheelbarrows  of 
gravel ! 

In  order  to  secure  the  necessary 
strength  in  pit-run  gravel  concrete, 
the  cement  should  be  proportioned 
according  to  the  amount  of  sand  con- 
tained in  the  gravel,  sand  being  de- 
fined as  that  jDart  of  the  pit-run 
gravel  which  will  pass  through  the 
i/4-in.  screen.  The  relative  propor- 
tions of  sand  and  stone  in  the  gravel 
adopted  by  the  Illinois  Highway 
Commission  should  be  such  that  the 
volume  of  sand  will  not  fall  below 
6/10   of   the   volume    of   stone.      In. 


gravel,  therefore,  having  a  sand  to 
stone  ratio  greater  than  6/10  may  be 
used  without  modification,  but  for 
gravel  so  used,  the  cement  to  sand 
should  be  constant  for  a  given  class 
of  concrete.  In  other  words,  if  the 
volume  of  sand  is  found  to  be  less 
than  60%  of  tlie  volume  of  stone, 
sufficient  sand  sl)ould  be  added  to 
bring  up  the  proportion  of  sand  to 
stone  to  60%.  Should  the  volume  of 
sand  be  more  than  60%  of  the  vol- 
ume of  stone,  sufficient  stone  should 
be  added  to  reduce  the  proportion  of 
sand  to  stone  to  60%,  or  sufficient  ce- 
ment should  be  added  so  that  the 
volume  of  cement  to  sand  will  be  for 
Class  "A"  concrete  as  1 :2,  for  Class 
"B"  concrete  as  1 :2l/2,  and  for  Class 
"C"  concrete  as  1 :3. 

The  proper  proportioning  of  ag- 
gregates should  be  the  occasion  for 
careful  experiment,  and  if  the  com- 
mon materials  at  hand  fail,  as  they 
will  often  do,  to  yield  the  required 
density,  the  deficiency  must  be  sup- 
plied by  importation  of  suitable 
amounts  of  the  size  or  sizes  lacking. 

There  are  four  methods  in  more  or 
less  general  use  in  proportioning  con- 
crete, which  may  be  designated  as 
follows : 

(1)  By  arbitrary  assignment; 

(2)  By  void  determination;  ' 

(3)  By  trial;  and 

(4)  By  mechanical  analysis  or 
sieve  analysis  curves. 

Proportioning  by  arbitrary  assign- 
ment consists  in  assuming  the  rela- 
tion of  cement,  sand  and  broken  stone 
or  gravel  as  a  matter  of  judgment,  or 
using  certain  standard  proportions,, 
without  much,  if  any,  consideration 
of  the  character  of  the  aggregate. 
Unless  the  character  of  the  materials 
to  be  used  is  known  and  unless  the 
quality  of  the  concrete  made  with 
such  a  proportion  of  the  ingredients 
is  known,  proportioning  by  arbitrary 
selection  of  volume  should  not  be  em- 
ployed, as  it  is  the  least  scientific 
method.  A  1 :2  li  mixture  of  one  con- 
tractor may  be  identical  with  the 
1:2:5  mixture  of  another,  owing  to 
the  differences  in  the  sizes  of  sand 
and  stone.  Such  a  mixture  may  not 
contain  any  more  cement  than  the 
concrete  termed  a  1 :2 :5  mixture  by 
another.  Again,  if  a  strong  concrete  is 
desired,  a  proportion  of  1 :2:4  may  be 
adopted  without  consideration  as  to 
whether  or  not  some  other  proportion 
of  the  same  ingredients  might  give  a 
cheaper  and  also  a  stronger  concrete. 
In  view  of  this,  it  is  preferable  to 
give  up  the  old  method  of  specifying 
mixtures  as  1:2:3,  1:2:4,  etc.,  but  as 
1  :5,  1 :6,  etc.,  respectively,  in  which 
case  the  5  or  6  parts  of  aggregate 
are  mixed  up,  reducing  the  voids  to 
whatever     figure     is     necessary     for 
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maximum    density    or    strength    and 
then  the  cement  added. 

A  method  more  scientific  tlian  by 
arhitrar\^  selection  of  the  ])r()i)ortion 
is  tliat  known  as  void  determination. 
The  latter  method,  however,  is  also 
more  objectionable  since  the  percen- 
tage of  voids  in  the  sand  may  be 
greatly  affected  by  a  small  percen- 
tage of  moisture,  and  also  owing  to 
possible  errors  in  determining  the 
voids  by  direct  measurement  by  the 
use  of  water.  It  is,  however,  sim- 
pler, though  less  scientific,  than  either 
of  the  last  two  methods  mentioned 
above. 

The  following  method  of  determin- 
ing voids  may  be  employed:  Fill  a 
watertight  barrel,  with  a  plugged 
hole  in  the  bottom,  with  broken  stone 
or  screened  gravel  and  then  pour  in 
water  until  it  overflows ;  draw  the 
water  off  in  buckets  and  measure 
carefully.  The  quantity  of  water 
represents  the  voids  in  the  coarse  ag- 
gregates that  have  been  filled  with 
water.  On  removing  the  broken  stone 
or  gravel  from  the  barrel,  pour  back 
the  water  and  mark  the  level  on  the 
side,  then  draw  the  water  off;  fill 
with  sand  to  the  mark  and  this  will 
determine  the  amount  of  sand  to  be 
used.  Enough  water  is  then  ])oured 
in  to  come  up  to  the  level  of  the  sand 
and  the  amount  used  indicates  how 
much  cement  is  needed  to  fill  the 
voids  in  the  sand.  To  the  above  pro- 
portion of  sand  and  cement  add  re- 
spectively about  10%,  and  the  ap- 
proximate amount  of  cement,  sand 
and  broken  stone  or  gravel  will  have 
been  found.  Sometimes  in  addition 
to  adding  10%  more  cement  than  the 
voids  in  the  sand,  10%  more  sand 
than  the  voids  in  the  broken  stone  or 
gravel  is  added  to  provide  for  in- 
accuracies in  measuring  the  voids. 

In  proportioning  bj'^  trial  mixtures 
the  proper  proportions  of  sand  and 
broken  stone  or  gravel  may  be  deter- 
mined by  finding  what  mixture  has 
the  maximum  weight  for  a  given  vol- 
ume, as  follows :  Several  batches  of 
different  projiortions  should  be  care- 
fully mixed,  and  placed  in  an  ordin- 
ary galvanized  iron  pail,  using  a  full 
pail  of  materials  in  each  instance,  as 
small  batches  are  likely  to  prove  de- 
ceptive. The  material  should  not  be 
rammed  into  the  pail,  as  it  is  almost 
impossible  to  ram  twice  alike.  In- 
stead, fill  the  pail  about  half  full  of 
water  and  sj)rinkle  the  mixture  of  ce- 
ment, sand  and  coarse  aggregates  into 
it  slowly  from  a  shovel.  The  pail 
should  be  filled  in  each  instance,  al- 
lowing the  excess  of  water  to  run  over 
the  edge.  The  combination  of  ])ropor- 
tions  having  maximum  weight  should 
be  used  for  all  classes  of  concrete, 
using  less  cement  for  porous  mix- 
tures.    It  should  be  remembered  that 


each  batch  of  concrete  must  be  weigh- 
ed and  taken  out  of  the  pail  before  it 
has  time  to  set,  otherwise,  some  diffi- 
culty might  be  experienced  in  getting 
it  loose. 

Proportioning  by  sieve  analysis  is 
the  most  exact  and  effective  method 
of  studying  the  character  of  the  ag- 
gregate, and  of  calculating  the  ef- 
fects of  various  mixtures.  This 
method  was  devised  by  Wm.  B.  Ful- 
ler, and  is  described  by  him  in  con- 
siderable detail  on  pp.  18.'}-21,'5  of 
Taylor  &  Thompson's  "Treatise  on 
Plain  and  Reinforced  Concrete" 
(1909  edition),  to  which  the  reader 
is  referred,  and  also  to  Ira  O. 
Baker's  "Masonry  Construction,"  pp. 
147-151.  (1909  edition).  Propor- 
tioning by  sieve  analysis  consists  in 
separating  the  available  materials, 
excluding  the  cement,  into  various 
sizes  by  means  of  a  series  of  sieves, 
and  the  results  plotted  on  cross-sec- 
tion paper,  the  percentage  by  weight 
passing  each  size  sieve  being  used  as 
abscissae,  and  the  size  as  ordinates. 
Curves  thus  plotted  indicate  the  per- 
centages of  the  whole  mass  that 
passes  the  several  sieves.  A  straight 
line  indicates  a  uniform  grading  of 
size.  The  following  sizes  of  screens 
are  desirable,  although  a  very  useful 
analysis  may  be  made  with  fewer 
screens:  3  -in.,  214-in.,  ll/)-in.,  1-in., 
%-in.,  l/v>-in.  and  ^-in. 

UNITS   OF   MEASUREMENT 

Concrete  should  as  a  rule  be  ])ro- 
portioned  by  weight.  The  most  com- 
mon method,  however,  is  measure- 
ment by  volume.  When  using  the 
wheelbarrow  as  a  unit  of  measure- 
ment it  should  be  definitely  under- 
stood: (1)  whether  the  volume  of  ce- 
ment used  is  as  volume  measured 
loose  or  as  volume  as  packed  in  the 
wheelbarrow;  (2)  what  the  cubical 
contents  of  a  wheelbarrow  of  cement 
shall  be  called.  It  is  usually  custom- 
ary to  assume  a  bbl.  of  packed  Port- 
land cement  to  be  2.8  cu.  ^"t. ;  the  vol- 
ume, however,  may  range  from  3.2 
cu.  ft.  to  4  cu.  ft.  A  bag  of  cement 
is  assumed  to  contain   1   cu.   ft. 

If  the  materials  are  measured  in 
wheelbarrows  it  should  be  definitely 
understood  what  the  volume  of  a 
wheelbarrow  will  be  called.  There  is 
a  cu.  ft.  difFcreuec  between  the  capac- 
ity of  a  wheelbarrow,  water  measure, 
and  the  load  usually  carried  by  men 
in  wheeling. 

MEASUREMENT   OF   MATERIALS 

An  approximate  method  of  measur- 
ing material  should  not  be  used 
which  would  yield  an  excess  of  sand 
and  broken  stone  or  gravel  over  ce- 
ment. The  usual  course  of  provid- 
ing a  struck  wheelbarrow  of  cement 
and    heaping   wheelbarrows    of   sand 


and  broken  stone  or  gravel  must  not 
be  ])ermitted. 

Concrete  materials  may  be  meas- 
ured in  bottomless  boxes  or  headless 
cement  barrels,  by  a  properly  con- 
structed double  gate  in  a  bin  chute ; 
by  the  use  of  suitable  carts  ;  by  wheel- 
barrows having  square  or  cylindrical 
bodies  expressly  designed  for  this 
purpose ;  or  by  automatic  measuring 
devies.  When  measuring  by  weight, 
the  scale  should  be  set  at  a  weight 
which  is  a  fraction  of  the  total 
weight. 

Accurate  measurements  are  of 
great  importance  and  require  (1) 
that  definite  measuring  units  be  em- 
ployed; (2)  that  the  accuracy  of  the 
measuring  boxes  be  verified;  (3)  that 
the  filling  of  the  measuring  boxes, 
hoppers,  etc.,  be  exact;  and  (4)  that 
when  two  or  more  boxes  or  hopper- 
fuls,  etc.,  go  to  make  up  a  batch,  the 
exact  number  is  employed  for  each 
and  every  batch. 

MIXING    CONCRETE 

Concrete  may  be  mixed  either  by 
hand  or  by  machine,  both  of  which, 
if  properly  applied,  give  about  the 
same  grade  of  concrete.  However, 
the  work  done  by  hand  is  likely  to  be 
uneven  in  qualitj^  and  some  batches 
will  be  more  thoroughly  mixed  than 
others.  ^Machine-mixed  concrete,  on 
the  other  hand,  is  usually  of  more 
uniform  quality  and  is  generally  less 
expensive  than  hand-mixed  concrete.  ' 
Hand  mixing  should  be  employed 
only  when  the  quantity  is  small  or 
when  machinery  is  unobtainable. 

During  the  mixing  of  the  concrete, 
the  inspector  should  ( 1 )  count  the 
bags  of  cement;  (2)  see  that  the 
measurements  are  exact;  (3)  see  that 
the  mixer  runs  long  enough;  (4)  see 
that  the  amount  of  water  is  so  regu- 
lated as  to  produce  the  desired  con- 
sistency or  fluidity;  (5)  see  that  no 
foreign  substances,  such  as  shavings, 
chips,  blocks  of  wood,  etc.,  have 
found  their  way  into  the  mixture ; 
(6)  see  that  the  lumps  of  hard  ce- 
ment are  compensated  for  with  good 
cement;  (7)  see  that  the  proper  pro- 
portions have  been  used;  (8)  see  that 
the  concrete  is  thoroughly  mixed — 
that  is,  uniform:  that  it  has  not  balled 
in  the  mixer,  etc.;  (9)  see  that  the 
mixer  is  cleaned  before  starting; 
(10)  see  that  the  materials  are  run- 
ning uniform,  regular  in  size,  and 
not  mix<'d  with  dirt,  no  single  wheel- 
barrow composed  entirely  of  large 
stone  or  of  small  stone,  etc;  and  (11) 
svv,  that  the  proj)er  care  is  taken  in 
dumj)ing  the  concrete  in  ])lace. 

The  proper  amounts  of  ingredi- 
ents should  ))referably  be  emptied 
into  the  charging  box  of  a  batch 
mixer  in  the  following  order;  (l) 
sand;  (2)  cement;  (3)  broken  stone 
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or  gravel;  (l-)  water,  tlie  water  being 
so  regulated  as  to  produee  a  concrete 
of  the  desired  consistency.  It  is  bet- 
ter to  mix  the  materials  in  a  dry 
state  at  first,  and  then  gradually  add 
the  water  in  a  spray  and  continue  the 
mixing.  It  makes  very  little  differ- 
ence as  to  the  order  in  which  the  ma- 
terials are  entered  in  the  mixer,  ex- 
cept that  the  water  should  be  added 
last. 

If  the  continuous  mixer  is  used, 
careful  watch  should  be  kept  of  the 
cement  hopper,  as  the  cement  is  lia- 
ble to  run  low,  feeding  only  a  portion 
of  the  worm,  or  a  large  lump  of  ce- 
ment may  ride  on  top  of  the  worm 
and  hinder  the  feed;  or  the  worm 
may  become  coated  with  damp  ce- 
ment, which  reduces  its  capacity.  If 
the  inspector  watches  the  cement  hop- 
per, the  contractor  will  attend  to  the 
sand  hopper  and  the  stone  hopper. 

In  mixing  concrete  by  machine,  the 
important  points  to  be  observed  are: 

(1)  That  the  directions  supplied 
by  the  manufacturer  are  carefully 
followed. 

(2)  That  the  pecified  proportions 
of  the  ingredients  are  fed  into  the 
mixer  at  all  times.  The  entire 
amount  of  cement  must  be  added  to 
the  other  aggregates  before  mixing  is 
begun,  and  the  whole  should  be 
mixed  dry  before  the  water  is  added. 
In  machine  mixing,  all  the  materials, 
including  the  water,  are  sometimes 
introduced  at  once  without  intermed- 
iate mixing,  but  better  results  are 
likely  to  be  secured,  even  with  ma- 
chine mixers,  by  first  mixing  the  ma- 
terials dry. 

(3)  That  the  quantity  of  water 
is  uniform  and  of  proper  amount  to 
produce  the  desired  consistency.  Ma- 
chine mixing  should  be  carefully 
studied  until  one  knows  exactly  how 
much  water  may  be  used. 

(4)  That  the  ingredients  are  thor- 
oughly incorporated  before  leaving 
the  mixer.  Look  out  for  dirty,  soft 
stone  and  sand  and  for  lack  of  uni- 
formity in  the  product  of  the  mixer. 

(5)  That  the  entire  contents  of 
the  mixer  are  taken  out  at  each  emp- 
tying. 

(6)  When  the  mixer  is  stopped  it 
should  be  flushed  with  water  and  no 
concrete,  partially  set  or  otherwise, 
should  be  permitted  to  remain  in  it. 

(7)  In  feeding  a  continuous  mixer 
by  shovel,  see  that  all  of  the  material 
is  fed  at  the  loading  end.  It  is  not 
uncommon  to  see  at  least  one  of  the 
shovel  men  feeding  his  material  at 
the  dumping  end. 

In  hand  mixing  emphasis  should  be 
placed  upon  ( 1 )  the  exact  measure- 
ment of  the  broken  stone  or  gravel; 
(2)  thorough  mixture  of  the  cement 
and  sand;  (3)  thorough  mixture  of 
the  mass,  and  (4)  the  proper  amount 
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of  water  to  jjroduee  the  desired  con- 
sistency. 

The  sand  .and  cement  should  be 
turned  at  least  3  times  dry  and  3 
times  wet,  and  the  mortar  and  stone 
then  turned  3  times.  Material  turned 
less  than  3  times  after  it  has  been 


wet  can  not  be  considered  as  well 
mixed.  The  order  of  turning  should 
be  so  regulated  that  the  last  turn 
made  will  place  the  material  in  a  sin- 
gle pile  at  the  center  of  the  board, 
preparatory  to  its  removal  to  the 
place  for  it  in  the  work. 


Design  Methods  in  Concrete  Construction- 
Graphical  Statics  of  Simple  Beams 


By  Jerome  Cochran,  C.  E. 


This  is  the  second  of  a  series  of 
articles  on  design  methods  in  con- 
crete construction.  The  first  article, 
published  in  Concrete-Cement  Age 
for  Jan.,  1915,  was  devoted  to  ana- 
lytical statics  of  simple  beams.  The 
present  article  will  be  devoted  to  the 
fundamental  principles  of  graphical 
statics  or  equilibrium  of  forces  as 
applied  to  external  moments  for  sim- 
ple beams,  such  as  reactions  for  sup- 
ports and  bending  moments,  because 
a  very  thorough  understanding  of 
these  principles  is  an  essential  pre- 
liminary to  scientific  reinforced  con- 
crete designing.  The  next  article 
will  consider  the  design  of  reinforced 
concrete'  beams. 


Graphical  statics  relates  to  the  so- 
lution of  statical  problems  by  geo- 
metrical constructions  or  diagrams 
in  which  the  lengths  and  directions 
of  the  lines  represent,  respectively, 
the  magnitudes  and  the  directions  of 
the  forces  treated.  In  short,  graphi- 
cal statics  treats  of  the  geometrical 
or  graphical  anah'sis  of  balanced 
/forces. 

THE    GRAPHICAL    REPRESENTATION    OF 
FORCES 

In  the  geometrical  solution  of  me- 
chanical problems  every  force,  which 
is  an  action  upon  a  body  tending  to 
change  its  state  of  rest  or  motion, 
can  be  conveniently  represented  by 
a  straight  line  that  either  coincides 
with,  or  is  parallel  to,  the  line  of  ac- 
tion of  the  force.  A  force  is  com- 
pletely known  where  its  magnitude, 
direction,  line  of  action  and  point  of 
application   are   known. 

The  magnitude  of  a  force  can  be 
represented  graphically  by  the 
length  of  a  line,  the  length  being 
drawn  to  a  previously  chosen  scale, 
for  instance,  if  the  scale  is  1"  = 
10,000  lbs.  then  a  line  %"  long  rep- 
resents a  force  of  7.^00  lbs.  A 
decimally  divided  scale,  i.  e.,  a  scale 


of  10,  20,  30,  40  or  50  divisions  to 
the  inch,  is  the  most  convenient  to 
use  in  representing  forces.  The 
larger  the  scale,  the  more  accurate 
are  the  results. 

The  direction  of  the  force  is  indi- 
cated by  the  arrow-head  pointing  in 
the  direction  in  which  the  force  tends 
to  move  its  point  of  application. 
The  arrow-head  shows  the  "sense" 
of  the  force.  By  sense  is  to  be  un- 
derstood the  specification  as  to  which 
of  the  two  Ways  along  the  line  of 
action  the  force  tends. 

The  line  of  action  is  along  the  line 
representing  the  force  and  it  is  along 
this  line  that  the  force  tends  to  pro- 
duce motion. 

The  point  of  application  is  the 
place  assumed  as  a  point  at  which 
the  force  acts  upon  the  body.  It  is 
usually  considered  to  be  at  one  end 
of  the  line  representing  the  force,  al- 
though in  the  case  of  rigid  bodies 
any  point  whatever  on  the  line  of 
action  of  the  force  may  be  taken  as 
the  point  of  application.  Change  in 
the  jDoint  of  application  of  a  given 
force  affects  the  body  as  to  rotation 
only,  not  at  all  as  to  translation. 

In  dealing  with  problems  in  statics 
of  rigid  bodies,  the  magnitude,  direc- 
tion and  line  of  action  of  a  force  are 
the  elements  commonly  involved, 
since  the  equilibrium  or  motion  of 
such  a  body  is  not  affected  by  trans- 
ferring the  point  of  application  of 
a  force  to  any  other  point  in  its  line 
of  action. 

The  graphical  method  of  repre- 
senting forces  is  made  very  valuable 
by  the  fact  that  the  relations  neces- 
sary to  the  condition  of  equilibrium 
between  the  forces  so  represented 
can  be  determined  by  applying  the 
principles  of  geometry  to  tlie  lines 
so  used.  A  combination  of  forces 
may  thus  be  analyzed. 

REACTIONS   OF   A    SIMPLE    BEAM    DETER- 
MINED   GRAPHICALLY 

The  reactions  Ri  and  R2  of  the 
beam   shown    in    Fig.    1    due   to   the 
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Figs.  1,  3  axd  3 — Sketches  Illustrating  the  Appltcation  of  the  Force  and  Equil- 
ibrium Polygons  for  Determining  the  Reactions  and  Bending  Moments  as  Ap- 
plied TO  Simple  Beams  with  Parallel  Forces  in  the  Same  Plane 


three  concentrated  vertical  loads 
may  readily  be  determined  by  means 
of  the  force  and  equilibrium  poly- 
gons, the  force  polygon  being  need- 
ed to  find  the  magnitude  and  the 
direction  of  the  resultant  or  the  sin- 
gle force  that  would  produce  the 
same  effect  as  the  other  forces.  The 
weight  of  the  beam  itself  is  not  con- 
sidered. The  length  of  the  span  and 
all  distances  are  shown  in  the  fig- 
ure. 

Draw  tlie  line  ad  to  represent  the 
sum  of  the  loads  (64,000  lbs.)  on  a 
suitable  scale,  say  1"  =:  10,000  lbs., 
and  divide  ad  into  segments  ah,  be 
and  cd,  representing  respectively  the 
given  loads  22,000  lbs.,  26,000*  lbs. 
and  16,000  lbs. 

Select  a  convenient  pole  p,  such 
that  the  distance  from  p  perpendicu- 
lar to  ad  (called  pole-distance^  rep- 
resents on  the  same  scale  an  even 
number  of  units  of  force.  The  pole- 
distance  is  marked  H,  which  is  its 
usual  designation.  It  is  to  be  noted 
that  this  distance  represents  a  force 
magnitude. 

The  strings  or  rays  pa,  ph,  pc  and 
pd  (Fig.  2)  are  now  drawn.  Select 
some  point  n  on  the  line  of  action  of 
Ri,  and  draw  the  line  fg,  gh,  hi  and 
ij  (Fig.  3)  parallel  to  the  rays  pa, 
ph,  pc  and  pd  respectively.  Con- 
nect the  points  f  and  j  in  Fig.  3,  giv- 
ing the  closing  side  fj  of  the  equilib- 
rium polygon  fghij.  Draw  pe  in  the 
force  polygon  (Fig.  2)  parallel  to 
the  closing  side  fj,  thus  determining 
the  point  e.  Then  de  and  ea  are  the 
two  reactions  R2  and  Ri  respectively, 
which  acting  upwards  close  the  force 
polygon.  R2  =  34,000  lbs.  and  Ri 
=  30,000  lbs. 

Fig.  2  is  the  force  poh^gon.  while 
Fig.  3  is  the  equilibrium  polygon. 
The  difference  between  tliese  two 
polygons  should  be  carefully  noted. 
The  force  polygon,  sometimes  called 
a  magnitude  polygon,  gives  the  di- 
rection and  the  magnitude  of  the 
forces,  while  the  equilibriiun  polygon, 
sometimes  called  a  funicular  polygon, 
gives  the  lines  of  action  and  the  di- 
rection but  not  the  magnitude. 

As  the  pole  p  may  be  taken  any- 
where, any  number  of  force  poly- 
gons, and  consequently,  any  number 


of  equilibrium  polygons,  may  be 
drawn,  each  of  which  will  give  the 
same  value  and  locate  the  same  line 
of  action  for  the  equilibrant  (or  for 
the  resultant).  To  test  the  accuracy 
of  the  work,  take  a  new  position  of 
the  pole  and  proceed  as  before.  The 
larger  the  scale  used,  the  more  accu- 
rate will  be  the  results.  In  selecting 
the  pole,  the  matter  of  obtaining  ac- 
curate and  convenient  diagrams 
should  be  kept  in  view.  Generally 
the  rays  should  not  make  very 
oblique  angles  with  the  adjacent  lines 
of  the   force  polygon. 

In  treating  uniform  loads  graj^hic- 
ally  it  is  necessary  to  divide  the  load 
into  small  sections  and  the  load  cor- 
r'esponding  to  each  section  is  consid- 
ered at  its  center. 

GRAPHICAL    EXPRESSION    FOR   MOMENTS 

The  moment  of  a  single  force 
about  any  point  may  be  expressed 
and  determined  graphically  in  the 
following  manner: 

Let  the  force  F  =  1,000  lbs., 
shown  in  Fig.  4,  tend  to  cause  rota- 
tion about  the  point  o  as  a  center. 
The  lever  arm  of  the  moment  is  fo 
=    10'. 

It  is  desired  to  ascertain  the  mo- 
ment of  F  about  o. 

Draw  ah  parallel  to  E  and  equal 
to  1 ,000  lbs.  to  any  convenient  scale, 
as  shown  in  Fig.  5.  Choose  any  point 
p  as  the  pole,  and  draw  the  strings 
Or  rays  pa  and  ph;  also  draw  pc  per- 
pendicular to  ah.  Through  any  point, 
as  X  on  F,  draw  the  lines  xd  and  .re 
parallel,  respectively,  to  pa  and  ph; 
the  lines  xd  and  xe  correspond  to  the 


sides  of  an  equilibrium  polygon, 
through  the  intersection  of  which  the 
resultant  must  pass ;  the  force  F,  in 
the  present  case,  corresponds  to  the 
result.  Prolong  dx,  and  through  o 
draw  og  parallel  to"  F,  intersecting 
xe  and  dx  in  g  and  h.  By  geometry 
it  can  be  shown  that 

ah  y(,  fo  =:  gh  X  cp,  or  as 
ah  =  F  and  F  X  f 0  is  the  moment 
of  F  about  o,  the  moment  of  F  about 
o  =  gh  yi  cp,  if  gh  is  measured  to 
the  same  scale  used  for  fo,  and  cp 
is  measured  to  the  same  scale  used 
for  ah. 

The  line  gh,  which  is  intercepted 
between  the  two  lines  which  meet 
upon  the  line  of  action  of  the  force 
(one  line,  as  xd,  being  prolonged  if 
necessary)   is  called  the  intercept. 

The  principle  explained  above  is 
one  of  the  most  important  facts  in 
graphic  statics,  and  may  be  briefly 
stated  as  follows: 

The  moinent  of  a  force  ahout  any 
point  equals  the  intercept  with  re- 
spect to  that  point  multiplied  hy  the 
pole  distance. 

The  principle  is  equivalent  to  the 
algebraic  statement  mentioned  in  the 
first  article  of  this  series,  i.  e..  Mo- 
ment =  Force  X  Perpendicular. 

Since,  in  Fig.  4,  but  one  force  F 
is  represented,  it  is  evident  that,  in 
this  figure,  the  equilibrium  polygon 
is  not  complete;  for  the  action  of  a 
single  force  cannot  produce  a  condi- 
tion of  equilibrium.  The  lines  xd 
and  xe,  however,  may  be  any  two 
lines  of  the  equilibrium  polygon 
which  intersect  upon  the  line  of  ac- 
tion of  the  force. 

If  the  above  principle  be  applied 
to  the  resultant  of  any  number  of 
force,  it  will  give  the  resultant  mo- 
ment of  all  the  forces  about  any 
given  point;  for  the  moment  of  the 
resultant  of  the  given  forces  about 
any  point  will  equal  the  resultant 
moment  of  the  same  forces  about  the 
same  point  as  will  be  shown  by  the 
following  example: 


MOMENT    OF    A 
MINED 


SIMPLE     BEAM 
GRAPHICALLY 


DETER- 


Let  the  bending  moment  M  be  re- 
quired  at   any   section    of    the    beam 


Figs.  4  and  5 — Sketches  Illustrating  the  Method  of  Determinmng  Graphically 
the  Moment  of  a  Single  Force 
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shown  in  Fig.  1.  such  as  h.  By  bend- 
ing moment  or  simply  tlic  moment 
on  any  beam  section  is  meant  the  al- 
gebraic sum  of  the  --moments  to  the 
left  of  that  section.  It  is  also  equal 
to  the  sum  of  the  moments  of  the 
forces  to  the  right  of  the  section. 

The  equilibrium  polygon  already 
constructed  for  the  reactions  of  this 
beam  may  be  used  to  determine  the 
moment  of  any  or  all  of  a  system 
of  parallel  forces.  Draw  a  verti- 
cal line  A  A  through  the  section,  cut- 
ting the  sides  fj  and  gh  of  the  eqi- 
librium  polygon  (Fig.  3),  and  let 
the  ordinate  intercepted  between 
these  sides  be  called  r.  The  inter- 
section of  these  sides  produced  gives 
the  point  of  application  of  the  result- 
ant of  the  22,000-lb.  load  and  the 
reaction  Ri  (30,000  lbs.)  the  magni- 
tude of  which  is  represented  by  eh  in 
the  force  polygon  (Fig.  2)  ;  that  is, 
ae  —  ah  ='  eh  =  30,000  lbs.  — 
22,000  lbs.  =  8,000  lbs.  It  should 
be  noticed  that  the  reaction  Ri  = 
30,000  lbs.  and  the  22,000-lb.  load 
act  in  opposite  directions  and,  con- 
sequently, the  resultant  of  these  two 
forces  is  their  difference.  Let  this 
resultant  be  called  R  and  its  hori- 
zontal distance  from  k  equal  x.  Ex- 
pressed algebraically  the  bending 
moment  at  A  A  equals 

M  =  R  X 

The  triangle  obe  (Fig.  2)  is  simi- 
lar to  the  triangle  which  has  a  base 
r  and  an  altitude  x  (sides  respective- 
ly parallel)  in  Fig.  3  and,  since  eh 
is  equal  to  R,  we  have 
X  r 

—  =  —  or  Rx  =  Hr 
H  R 

Therefore,  the  bending  moment  of 
the  forces  on  the  left  of  the  section  is 
M  =  Hr 

Since  H  is  constant  (due  to  all 
loads  being  vertical)  the  bending  mo- 
ment at  any  point  in  the  span  is  pro- 
portional to  the  vertical  ordinate  of 
the  equilibrium  polygon  at  that  point. 

Suppose  in  the  equilibrium  poly- 
gon  (Fig.  3)   %q"  =   1   ft.,  and  H 


librium  polygon  represents  48,000 
lbs. -ft.  That  is,  each  inch  on  the 
vertical  ordinate  of  the  equilibrium 
polygon  represents  256,000  lbs. -ft. 
of  bending  moment.  For  instance, 
the  vertical  ordinate  at  the  section 
AA  scales  0.765"  and  the  bending 
moment  of  this  section,  under  the 
above  conditions  is  256,000  lbs.  X 
0.765"  =  195,840  Ibs.-ft.  The  mo- 
ment by  an  algebraic  equation  is 
196,000' Ibs.-ft. 

The  bending  moment  at  any  point 
on  a  beam  due  to  a  system  of  parallel 
forces  is  equal  to  the  ordinate  of  the 
equilibrium  polygon  (see  Fig.  3),  cut 
off  by  a  line  drawn  through  the  given 
point  and  parallel  to  the  resultant 
of  all  the   forces  multiplied  by  the 
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))o]c  distance  II  (see  Fig.  2).  The 
intercept  in  the  equilibrium  polygon 
is  a  distance  and  should  be  measured 
to  the  same  scale  as  that  to  which 
the  beam  is  laid  off.  Tlie  pole  dis- 
tance H  is  a  force  and  should  be 
measured  by  the  scale  used  in  the 
force  polygon.  In  other  words, 
measure  the  forces  and  other  ver- 
tical distances  with  the  scale  of  force 
(in  pounds)  and  all  horizontal  dis- 
tances with  the  scale  of  space  (in 
feet).  Thus,  r,  ah,  be,  etc.,  should 
be  measured  in  pounds  and  x,  II,  etc., 
in  feet. 

Where  beams  are  uniformly  load- 
ed, it  is  somewhat  difficult  to  repre- 
sent graphically  the  bending  moment 
at  every  point  in  the  span,  and  the 
algebraic  method  described  in  the 
last  article  is  much  simpler.  A  com- 
bination of  algebraic  and  graphic 
methods  may  be  used  when  a  beam 
is  subjected  to  both  uniform  and  con- 
centrated loads,  the  former  method 
being  used  for  finding  the  bending 
moment  for  the  uniform  load  and  the 
latter  method  for  the  bending  mo- 
ment due  to  concentrated  loads.  The 
algebraic  sum  of  the  two  moments 
at  any  given  section  will  give  the  cor- 
rect moment  at  that  section. 


Early  Reinforced  Concrete  in 
England 

In  thinking  of  reinforced  con- 
crete one  usually  gives  the  credit  of 
priority  of  use  to  Jean  Monier,  the 
Frenchman,  whose  system  came  into 
use  about  1876.  But  Dr.  Fritz  von 
Emperger,  Vienna,  in  some  research 
work,  has  found  mention  of  a  rein- 
forced concrete  beam  designed  by  G. 
Brunei,  architect  of  the  first  Thames 
tunnel,  as  long  ago  as  1835.  An  il- 
lustration of  the  beam  and  a  brief 
description  follow,  taken  from  Le 
Ciment  Arme,  Paris. 

What  was  the  first  resistance  test 
of  the  adhesion  of  reinforced  con- 
crete and  why  did  our  modern  mate- 
rial not  come  into  use  half  a  centurv 


earlier?  Dr.  Fritz  von  Emperger 
makes  these  matters  clear.  The  dis- 
tinguished director  of  Beton  und 
Eisen,  in  the  course  of  some  historical 
studies,  found  in  an  article  puh)lished 
in  the  Allgemeine  Bauzeitung  (Vi- 
enna) in  1838  a  detailed  description 
of  a  test  undertaken  by  G.  Brunei, 
the  engineer,  in  1835,  at  the  Institute 
of  English  architects,  on  a  reinforced 
beam,  shown  in  Fig.  1. 

This  test,  which  was  made  the  sub- 
ject of  a  report  signed  by  the  great 
engineer  to  whom  is  due  the  first 
tunnel  under  the  Thames,  had  for  its 
object  the  determination  of  the  ad- 
herence of  concrete  to  iron.  It  was 
planned  to  construct  an  arched  gal- 
lery leading  to  this  celebrated  tun- 
nel, which  would  have  been  the  first 
work  of  this  kind  in  reinforced  con- " 
Crete.  The  cement  used  was  Roman 
Vauxhall.  The  first  application  of 
test  load  was  made  two  months  after 
the  beam  was  fabricated,  using  pig- 
iron.  The  load  was  removed  a  year 
later;  the  first  crack  showed  under 
a  load  of  5  tons  and  the  beam  failed 
under  a  weight  of  18  tons.^ 

Dr-  von  Emperger  adds  a  note 
that  Gen.  Pasley  has  mentioned  the 
details  of  the  same  test  in  his  book, 
"Limes,  Cements  and  Plasters."  The 
figure  does  not  show  how  the  12  rods 
were  placed.  This  has  little  import- 
ance, in  any  event,  for  the  most  curi- 
ous thing  in  connection  with  the  mat- 
ter is  that  the  designer,  not  being 
satisfied  with  the  results  obtained 
and  fearing  the  future  effect  of  oxi- 
dation on  the  rods  used  for  reiuforc- 
ing,  probably  in  the  joints  of  the  ma- 
sonry, decided  to  use  reinf'orcing^ 
members  of  wood  treated  with  tar. 

The  greatest  intellects  may  thus 
pass  by  the  truth,  through  some  acci- 
dent, when  chance,  the  important 
factor  in  invention,  opens  wide  the 
door  of  fortune  and  success.  It  is 
recalled  that  Napoleon  declined  to 
interest  himself  in  the  first  plan  for 
a  boat  propelled  by  steam. 


^Tlie  span  was   7.62  in.,  depth  1.37  m.  and 
tliickness  0.84  m.,  with  12  iron  rods — Editors- 


12  ffandeisen  S^.r^ 


Fig.  1 
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Methods  and  Costs  of  Providing  Slopes  for  Drain- 
age on  Flat  Concrete  Roofs 

By  Albert  M.  Wolf,  C.  E.' 


tion  of  a  concrete  roof  with  a  cinder 
fill  for  drainage. 

While  placing  and  tamping  the 
cinders,  1-in.  or  2-in.  boards  side  by 
side  can  be  placed  against  all  walls 
and  parapets,  extending  into  the  fill 
for  a  few  inches  and  the  cement  mor- 
tar coat  placed  against  them.  After 
the  mortar  has  set  the  boards  should 


Where  concrete  roofs  are  made  flat 
in  order  to  provide  a  flat  ceiling  witli- 
out  the  use  of  a  suspended  ceiling,  or 
when  a  future  floor  is  used  as  a  tem- 
porary roof,  some  construction  must 
be  placed  on  the  concrete  slab  to  pro- 
vide for  drainage.  The  intention  is 
to  describe  in  detail,  with  costs,  sev- 
eral methods  of  providiiig  drainage 
on  flat  concrete  roofs. 

CINDER   FILL 

A  cinder  fill  placed  on  the  roof  in 
such  a  manner  as  to  drain  it  })roperly 
is  most  commonly  used  for  this  work. 
Such  construction  has  not  in  all  eases 
given  satisfactory  results,  but,  like 
most  other  things,  it  is  not  fool-proof 
and  if  not  properly  carried  out  the 
best  results  cannot  be  exjiected.  In 
altogether  too  many  cases  the  cin- 
ders, no  matter  of  what  quality  or 
liow  badly  mixed  with  refuse,  are 
very  carelessly  placed,  and  in  some 
cases  with  altogether  too  great  a 
dtptli.  on  account  of  im])ro))er  down- 
sjjout  locations.  Then,  when  the 
roof  is  a  failure,  "cinders"  and  not 
the  architect  and  builder  are  blamed 
and  cinder  fills  are  henceforth  "ta- 
booed" as  a  poor  method  of  obtain- 
ing roof  drainage. 

A  little  care  exercised  in  selecting 
and  grading  cinders  to  be  used  for 
such  work  and  also  in  ))lacing  them, 
]}uts  an  altogether  different  com- 
])lexion  on  the  matter.  It  cannot  be 
too  firmly  impressed  on  the  architec- 
tural designer  and  builder  that  care- 
ful work  is  just  as  essential  to  make 
this  common  method  a  success,  as  it  is 
in  order  to  construct,  for  instance,  a 
good  tar  and  gravel  roof.  Some  men 
have  the  idea  that  any  gang  of  labor- 
ers can  rvithout  careful  superinten- 
dence, construct  a  satisfactory  cinder 
till,  simply  because  the  material  liaj) 
pens  to  be  cinders,  or  closely  allied 
to  dirt,  which  any  man  can  handle 
simply  by  brawn  umnixed  with 
brain.  It  is  tliis  same  sort  of  stolid 
indifference  wliich  brings  into  disre- 
]>ute  many  types  of  construction, 
wliich,  if  properly  handled,  are  a 
success. 

The  cinders  used  for  a  cinder  fill 
should  be  of  a  porous  jjrade  of 
screened  steam  boiler  eiiulers.  free 
from  refuse  or  slag,  which  only  add 
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Fig.  1 — Detaii^  of  Cinder  Fii.i,  ox  Concrete  Roof  Slab  for  Drainage 


unnecessary  weight  to  the  fill.  Cin- 
ders mixed  with  fire  brick,  unburned 
coke,  slag  and  similar  refuse  should 
not  be  used,  since  the  prime  advan- 
tage of  cinders  as  a  fill  is  their  rela- 
tive light  weight,  and  if  this  rule  is 
not  obeyed  crushed  stone  might  as 
well  be  used. 

The  cinders  should  be  wet  down 
thoroughly,  then  placed  on  the  roof 
and  arranged  to  form  the  proper 
slopes  and  tamped  to  an  even  sur- 
face, a  little  more  water  being  spray- 
ed upon  the  surface  if  necessary,  to 
compact  the  fill  thoroughh^  The 
minimum  thickness  of  any  place 
should  not  be  less  than  ?>" ,  in  order 
to  obtain  the  best  results.  After  a 
portion  of  the  roof  has  been  covered 
with  cinders,  as  prescribed  above, 
and  before  they  have  dried  out  en- 
tirely, a  mortar  coating  about  \" 
tliick,  composed  of  1  part  cement  and 
'5  parts  clean  sand,  mixed  quite  wet, 
should  be  placed  on  the  cinders  and 
given  a  smooth  float  finisli.  The 
mortar  being  mixed  wet,  some  of  it 
will  seep  into  the  cinders  and  as  a 
result  its  top  surface  becomes  a  cin- 
der concrete,  making  the  total  thick- 
ness of  tlie  mortar  coat  somewhat 
more  than  \" .  After  the  mortar  has 
tlioroughly  set  the  roofing  should  be 
.ipplied. 

Wlien  ))lacing  the  top  portion  of 
the  cinder  fill  and  the  mortar  finisli 
it  should  be  kept  an  inch  or  two  from 
all  jiarapct  walls  to  provide  for  ex- 
)iansion  ;  this  space  to  be  filled  with 
some  bituminous  or  asphalt  paving 
pitch  which  becomes  soft  under  the 
sun  and  very  readily  allows  for  ex- 
pansion.     Fig.    1    sliows   a   cross-sec- 


be  removed  and  pitch  should  be 
poured  into  the  joint. 

The  weight  of  cinder  fill  construc- 
tion as  here  described,  will  vary  from 
^b  lbs.  to  7;>  lbs.  per  sq.  ft.  for  a 
depth  of  1',  depending  upon  the 
grade  of  cinders  used.  The  actual 
weight  of  fill  at  various  points  on  the 
roof  will,  however,  vary  considerably 
on  account  of  the  slopes.  If  down- 
spouts are  properly  located  the  aver- 
age depth  of  fill  required  should  be 
but  little  over  12",  thus  allowing  for 
a  maximum  depth  of  21"  and  a  mini- 
mum of  ?>" .  At  a  slope  of  %"  per 
ft.  tliis  depth  would  be  sufficient  to 
provide  for  drainage  48'  eacli  way 
from  the  downspout.  To  have  much 
more  area  than  this  tributary  to  one 
downspout  cannot  be  considered  good 
design,  since  there  is  too  much  danger 
of  serious  trouble  should  the  down- 
spout become  clogged.  It  should  be 
borne  in  mind  that  it  is  chea])er  to 
sii|)])ly  more  downs])outs  than  to  over- 
load the  roof  slab  with  cinders  to 
care  for  the  deficiency.  When  too 
great  a  depth  of  cinders  is  used  the 
concrete  roof,  which  must  be  design- 
ed to  carry  the  load,  will  be  unneces- 
sarily heavy  and  costly,  and  conse- 
quently uneconomical.  It  should  be 
remembered  when  designing  concrete 
roofs  which  are  to  carry  cinder  fills, 
that  it  is  highly  im])ortant  that  the 
weight  of  fill  and  roofing  be  taken 
into  account  in  the  calculations.  Too 
many  designers  ignore  this  weight  in 
design,  assuming  that  the  assumed 
live  load  will  care  for  this  extra  dead 
weight,  wliich  is  far  from  being  the 
case. 

Wlien  a  cinder  fill  is  used  for 
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drainage,  it  is  of  tlir  utmost  impor- 
tance tliat  a  good  rooting  be  used  on 
it,  for  if  leaks  occur  in  the  covering 
the  fill  becomes  saturated  and,  be- 
sides overloading  the  slab,  may  seep 
through  the  concrete  and  cause  no 
end  of  trouble. 

It  often  happens  that  concret:^ 
buildings  are  planned  for  future  ad- 
ditional stories  by  designing  the  col- 
umns and  footings  to  care  for  these 
additional  loads.  In  this  case  one  of 
the  floor  slabs — designed  as  such — ■ 
acts  as  the  temjjorary  roof  and  an 
auxiliary  construction  must  be  used 
to  provide  for  the  drainage.  For 
such  conditions  a  cinder  fill  will  in 
general  prove  most  economical,  for 
when  additional  stories  are  built  the 
fill  can  be  broken  up  and  practically 
all  of  it  used  again  in  forming  slopes 
on  the  new  roof.  This  cannot  be  so 
readily  done  with  the  other  construc- 
tions described  herein. 

In  most  localities  cinders  of  a 
suitable  grade  can  be  obtained  very 
cleaply  and  it  will  therefore  be 
found  that  the  main  items  in  the  cost 
of  a  cinder  fill  are  the  labor  cost  of 
hoisting  and  placing  on  the  roof  and 
the  cost  of  the  mortar  finish.  If  the 
haul  is  not  very  great  cinders  should 
not  cost  much  over  15  cts.  per  cu.  yd. 
-_ — in  this  case  the  total  cost  of  a  cin- 
der fill  as  herein  specified  will  be  9 
cts.  or  10  cts.  per  sq.  ft.  for  fills 
averaging  12"  deep.  About  one-half 
of  this  amount  can  be  charged  to  the 
cement  mortar  finish. 

CINDER    CONCRETE    FILL 

Another  way  of  obtaining  slopes 
for  drainage  on  flat  concrete  roofs  is 
by  the  use  of  cinder  concrete  fills. 
The  great  objection  to  this  material 
for  this  use  is  its  excessive  weight, 
viz;  100  lbs.  to  110  lbs.  per  cu.  ft. 
This  extra  dead  load,  more  than  three 
times  the  live  load  usually  used  in 
design — 30  lbs.  per  sq.  ft. — very  rap- 
idly increases  the  cost  of  the  roof 
construction,  which  must  be  much 
heavier  in  order  to  carry  the  load. 

Cinder  concrete  for  this  work 
should  be  a  very  lean  mixture,  in  gen- 
eral 1  part  by  volume  of  cement  and 
from  8  parts  to  10  parts  of  well 
screened,  spongy  and  porous  steam 
boiler  cinders,  with  just  enough  wa- 
ter added  to  make  a  rather  dry  and 
porous  concrete.  This  mixture  should 
then  be  placed  to  the  required  slopes 
with  a  minimum  thickness  of  3"  in 
such  a  manner  as  to  preserve,  as 
much  as  possible,  the  porosity.  A  1  :3 
cement  mortar  coat  about  -^/x"  thick 
should  be  put  on  and  floated  to  a  uni- 
form surface  before  the  fill  has  set, 
to  form  a  smooth  surface  upon  which 
the  roofing  can  be  applied. 

Cinder  concrete  expands  a  rela- 
tively large  amount  on  warm  summer 
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days  and  it  is  therefore  of  the  great- 
est importance  to  providt;  good  cx- 
))ansion  joints  at  all  w.dls  and  ))ara- 
pets,  to  prevent  them  from  being 
pushed  out  of  line.  When  placing 
the  cinder  concrete  a  space  at  least 
1"  wide,  extending  the  entire  depth 
of  the  fill,  should  be  left  at  all  walls, 
this  space  to  be  filled  with  a  bitumin- 
ous or  asphaltic  pitch.  Even  with 
these  precautions  exercised  there  is 
danger  of  excessive  expansion  and 
pushing  walls  out  of  line  and  for  this 
reason,  also  on  account  of  its  exces- 
sive weight,  cinder  concrete  fills  arc 
not  recommended  to  afford'  drainage. 

A  cinder  concrete  fill  as  herein 
specified  with  an  average  depth  of  1' 
will  cost  from  12  cts.  to  15  cts.  per 
sq.  ft.  in  place,  depending  on  cost  of 
cinders  and  the  method  of  hoisting 
into  place. 

Cinder  concrete  fills  should  not  be 
used  on  temporary  roofs,   for  when 


roofing.  These  disadvantages,  coupled 
witii  the  fact  that  it  is  not  in  ac- 
cordance with  the  Underwriters'  clas- 
sification for  fireproof  buildings,  are 
responsible  for  its  not  being  used  ex- 
tensively. 

SECONDARY  ROOF  OF  CONCRKTK 

A  new  type  of  construction  of  a 
nature  somewhat  similar  to  that  just 
described  consists  of  a  secondary  thin 
concrete  slab  on  stiffened  metal  lath 
supported  on  wooden  frames,  resting 
on  the  main  roof  slab.  These  frames 
consist  of  2-in.  by  6-in.  stringers 
])laced  on  edge  on  the  roof  slab  sup- 
porting rafters  of  the  same  size  di- 
rectly above,  at  the  required  slope, 
by  means  of  short  struts.  If  a  Xo. 
2i  gauge  stiffened  metal  lath,  such 
as  Hy-Rib,^  Corr-Mesh^  or  Self-Sen- 
tering,^  is  used  on  these  frames  to 
support  a  2-in.  concrete  slab  and  act 
as  reinforcement.     The   frames  mav 
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Fig.  2 — Details  of  Secoxdary  Roof  of  Concrete  for  Draixage  of  Flat  Concreix 
Roof 


the  building  is  extended  the  concrete 
must  be  broken  up  and  cannot  be 
used  again  in  this  condition.  This 
means  that  new  material  must  be  pro- 
vided, since  there  is  no  salvage  as  is 
the  case  with  a  cinder  fill. 

SECONDARY    ROOF    OF     WOOD     COSTRUC- 
TION 

Sometimes  slopes  are  provided  by 
a  secondary  roof  of  wooden  con- 
struction, consisting  of  light  wood 
frames  of  2-in.  by  4-in.  stuff  placed 
from  2'  to  3'  apart,  covered  with 
sheathing  and  the  roof  placed  there- 
on. The  weight  of  this  construction 
is  only  about  10  lbs.  or  12  lbs.  per 
sq.  ft.,  not  including  the  roofing.  Al- 
though it  has  the  advantage  of  very 
light  weight,  this  construction  is  not 
fireproof  and  will  decay  and  rot  out 
in  a  short  time  if  leaks  occur  in  the 


be  placed  about  6'  o.  c.  and  should  be 
braced  by  transverse  and  diagonal 
boards  so  as  to  keep  them  in  line 
and  upright. 

The  stiffened  metal  lath  should 
be  secure!}'  fastened  to  the  frames 
with  the  ribs  at  right  angles  to  them, 
and  lapped  at  sides  and  ends  over 
supports.  It  is  very  important  that 
all  laps  be  securely  tied  and  wired  so 
as  to  have  the  entire  covering  of 
metal  as  rigid  as  possible,  on  account 
of  the  thin  slab  used. 

The  concrete  placed  on  this  mesh 
should  be  of  a  1:2:4  or  l:llo:3  mix- 
ture, or  as  dense  as  possible,  thor- 
oughly mixed  and  rather  dry  so  that 


-Trussed    Concrete    Steel    Co.,    Younsstown, 
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it  will  not  seep  through  the  mesh 
Avhich  acts  as  the  form  surface  as  well 
as  reinforcement.  The  coarse  aggre- 
gate used  should  be  crushed  stone 
that  will  pass  a  %-in.  mesh  sieve. 
After  placing  the  concrete  to  a  thick- 
ness of  2",  which,  after  hardening, 
will  support  a  live  load  of  from  25 
lbs.  to  30  lbs.  per  sq.  ft.,  it  should 
be  given  a  smooth  float  finish  to  re- 
ceive the  roofing.     (See  Fig.  2.) 

The  roofing  applied  sliould  be  of 
the  best  quality,  carefully  applied  so 
as  to  i^revent  any  moisture  from 
reaching  the  metal  reinforcement 
which  is  uniDrotected  on  the  bottom. 
If  it  does  the  mesh  will  soon  rust  out, 
the  timber  decay  and  the  roof  be  de- 
stroyed. 

The  disadvantages  of  this  construc- 
tion are  that  it  is  not  strictly  fire- 
l^roof  and  it  is  rather  costly,  the 
average  cost,  not  including  roofing, 
being  about  16  cts.  per  sq.  ft.  It  is, 
however,  comparatively  light,  weigh- 
ing from  30  lbs.  to  32  lbs.  per  sq.  ft. 
This  construction  eliminates  the  un- 
even loading  to  be  contended  with 
where  cinder  fills  and  cinder  concrete 
fills  are  used. 

CONCLUSIONS 

Just  which  type  of  construction  for 
roof  drainage  will  best  suit  the  re- 
quirements depends  mostly  on  the 
location.  Where  good  cinders  are 
available  and  the  roof  construction  is 
temporary  (resting  on  a  future  floor 
•designed  for  a  heavier  load  than  that 
of  the  fill)  the  cinder  fill  will  be  the 
most  satisfactory  and  economical 
type,  all  things  considered.  If  the 
roof  slab  is  designed  as  such,  and 
laid  without  slope,  a  considerable 
amount  can  be  saved  in  its  construc- 
tion by  the  use  of  a  secondary  roof 
of  concrete  construction  as  shown  in 
Fig.  2,  which  is  much  lighter  than  a 
cinder  fill ;  or  stated  more  exactly, 
weighs  from  20  lbs.  to  25  lbs.  less 
than  a  fill  1'  deep.  On  a  large  roof 
area  the  secondary  roof  of  concrete 
on  wooden  frames  would  no  doubt 
prove  to  be  j  ust  about  as  cheap  as  a 
cinder  fill  because  of  the  lighter  main 
roof  construction  required. 

The  matter  of  insulation  of  the 
roof  slab  against  condensation  has 
not  been  treated  in   this  article,  but 


forms  an  important  part  of  the  con- 
sideration as  to  which  type  of  con- 
struction to  use  for  drainage  of  a 
flat  concrete  roof. 

A  discussion  of  the  advantages  and 
disadvantages  of  the  various  types  of 
insulation  for  concrete  roofs  was 
given  in  an  article  by  the  writer  ap- 
pearing on  page  241  of  the  May, 
IQl^,  issue  of  Concrete-Cement 
Age,  to  which  the  reader  is  referred. 

So  far  as  insulating  properties  are 
concerned,  the  cinder  fill  and  the  sec- 
ondary roof  of  concrete  are  about  on 
a  par  and  since  in  general  the  cost  of 
a  cinder  fill  is  less  than  the  latter  it 
has  justly  been  the  most  popular 
method  of  providing  drainage  slopes 
on  flat  concrete  roofs. 


Wall  Beam  Details  In  Rein- 
forced Concrete  Building 

In  reinforced  concrete  building  de- 
sign it  is  becoming  common  prac- 
tice to  put  the  wall  beams  above  the 
floor  slab  in  order  to  let  in  as  much 
light  as  possible  as  close  to  the  ceil- 
ing. 

In  a  recent  address  and  in  discus- 
sing this  subject,  L.  C.  Wason,  Bos- 
ton, says  that  it  is  generally  cheap- 
er and  equally  good  construction  to 
cast  the  wall  beam  as  a  separate 
operation,  allowing  the  ends  to  rest 


cent  panels.  When  properly  grout- 
ed into  place  and  panel  cast,  this 
will  be  as  strong  as  if  cast  as  a  mon- 
olith with  the  floor. 

The  accompanying  sketches  are 
detailed  from  actual  work  and  show 
optional  methods  of  constructing  a 
wall  beam  above  the  floor  slab. 

Mr.  Wason  further  states  that 
there  is  the  same  strength  in  the  floor 
whether  the  wall  beam  is  above  or 
below  the  slab  when  the  methods 
shown  in  the  accompanying  sketches 
are  used,  even  though  the  wall  beam 
may  be  cast  later.  It  will  be  noted 
that  Fig.  1  shows  a  continuous  gird- 
er action  in  the  wall  beams  and  in 
Fig.  2  there  is  no  continuous  action. 
The  wall  beams  in  Fig.  2  are  made 
somewhat  stronger.  The  continuity 
shown  in  Fig.  1  is  not  always  desir- 
able. 


The  kind  of  lumber  to  use  for 
forms  and  false  work  depends  upon 
the  cliaracter  of  the  work,  and  to  a 
considerable  extent  on  the  available 
supply  in  the  articular  locality  in 
which  the  work  is  to  be  erected.  For 
the  support  of  the  form  work  it  is 
the  custom  to  use  as  cheap  a  grade 
of  rough,  sound  lumber  as  can  be 
purchased. 
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Fig.  2 — Elevation  and  Detailed  Section 
Showing  Simple  NoN-coNTiNuoua  Wall 
Beam 

in  rebates  in  the  columns  and  sus- 
pending the  slab  below  by  means  of 
stirrups.  Provision  can  be  made  for 
continuity  by  casting  some  holes  in 
the  columns  above  the  floor  at  the 
proper  points,  through  which  the 
reinforcement  for  negative  bending 
moments  will  pass,  allowing  the 
ends  to  extend  well  out  in  the  adja- 
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Fig.  1 — Detail  Showing  How  Continuity'  is  Effected  in  Wall  Beams 
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Symposium  on  the  Protection  of  Con- 
crete Against  Alkali  "=>  ° 


A  Rich  Mixture 


D 


Discussed  By  L.  A.  Waterbury/  R. 

A.  Hart/  James  Wm.  Martin^  and 

F.  C.  Magruder* 

"Will  a  rich  mixture  protect  con- 
crete permanently  when  black  and 
white  alkali  are  in  the  ground?  Or 
when  the  water  flowing  in  a  canal 
system  is  rather  heavily  charged 
with  alkali  for  about  two  months  dur- 
ing each  irrigation  season?" 


By  Mr.  Waterbury 

Ordinarily  the  use  of  a  rich  mix- 
ture, the  aggregate  being  carefully 
selected  to  secure  maximum  density, 
will  prevent  disintegration  of  con- 
crete by  alkalies.  The  term  alkali 
includes  so  many  compounds,  any  or 
all  of  which  may  or  may  not  be  pres- 
ent, that  it  is  unsafe  to  use  a  single 
example  as  a  guide  for  other  loca- 
tions. In  most  instances  the  de- 
struction of  concrete  by  alkali  ap- 
pears to  be  due  to  physical  causes, 
viz.,  crystallization  of  salts  present 
in  the  water.  A  few  cases  have 
been  reported  in  which  softening  of 
the  concrete  has  occurred  below  the 
water  line,  which  would  indicate 
chemical  action  as  the  source  of 
trouble.  A  study  of  available  data 
indicates  that  for  the  latter  cases, 
magnesium  sulphate  is  probably  the 
principal  injurious  ingredient.  Black 
alkali    (principally    sodium    carbon- 

'Prof.  of  Civ.  Engrg.,  Univ.  of  Arizona,  Tuc- 
son 

^Supervising    Drainage    Engr.,    U.    S.    Dept. 
of  Agri.,  Salt  Lal<e  City 

^Contr.   (Martin  &  Gillis),  Phoenix,  Ariz. 

■•Project    Mgr.,    U.    S.    Reclamation    Service, 
Newell,   S.   D. 
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ate)  is  probably  the  least  trouble- 
some ingredient  of  water  as  regards 
its  effect  upon  concrete.  For  fresh- 
ly placed  concrete,  the  sodium  car- 
bonate would  probably  react  with 
the  gypsum  used  as  a  regulator  for 
the  cement,  and  so  would  reduce  the 
time  of  setting,  but  this  would  not 
be  likely  to  be  sufficient  to  be  troub- 
lesome. 

From  discussions  which  have  ap- 
peared, those  who  are  not  familiar 
with  western  conditions  might  imag- 
ine that  destruction  of  concrete  by 
alkali  was  prevalent  throughout  the 
West.  The  writer  has  lived  in  Ari- 
zona for  seven  years  and  has  been 
on  the  watch  for  signs  of  such  disin- 
tegration, but  not  many  instances 
have  come  to  his  notice.  Most  of  the 
instances  which  have  been  observed 
were  insignificant,  and  were  not  suf- 
ficient cause  for  anxiety  concerning 
the  safety  of  the  structures  con- 
cerned. A  great  deal  of  concrete  has 
been  used  where  alkali  abounds  and 
has  given  good  service.  It  is  rather 
the  exceptional  case  in  which  fail- 
ure has  occurred.  Ordinarily,  an 
impervious  concrete  will  prove  satis- 
factory. As  a  precaution  it  would 
be  desirable  to  obtain  a  chemical 
analysis  of  the  ground  water  and 
of  the  water  in  the  canal  system.  If 
considerable  amounts  of  magnesium 
sulphate  are  present  chemical  disin- 
tegration may  be  expected,  and  will 
probably  occur  below  the  water  line. 
In  this  case  particular  care  should 
be  taken  to  secure  impervious  con- 
crete below  the  water  line.  If  the 
analysis  indicates  little  or  no  mag- 
nesium sulphate,  the  principal  source 
of  trouble  will  probably  be  due  to 
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crystallization  of  the  salts,  and  will 
probably  be  above  the  water  line. 
The  principal  trouble  may  occur  at 
the  latter  place,  even  though  chemi- 
cal disintegration  is  also  present. 
For  prevention  of  physical  disinte- 
gration, an  impervious  concrete  is 
necessary,  as  much  or  more  care  be- 
ing required  above  as  below  the  wat- 
er line.  Anything  which  will  reduce 
the  percolation  of  the  water  into  or 
through  the  concrete  will  be  bene- 
ficial, and  so  a  dense  concrete  is  the 
first  essential.  For  important  struc- 
tures additional  waterproofing  is  de- 
sirable. Often  the  soil  water  will  be 
more  strongly  charged  with  alkalies 
than  the  water  in  a  conduit,  and  for 
such  cases  particular  care  should  be 
paid  to  waterproofing  on  the  outside 
of  pipes. 

By  Mr.  Hart 

In  my  experience,  the  only  possi- 
ble way  of  protecting  concrete  from 
the  harmful  effects  of  alkali  is  to 
render  the  entire  mass  uniformly  im- 
pervious to  water.  I  had  occasion 
to  determine  the  feasibility  of  so 
protecting  concrete  and  desire  to 
submit  the  following  table  showing 
the  tensile  strength  of  1 :2  sand 
briquettes  after  having  been  stored 
in  the  solutions  indicated  for  the 
stated  lengths  of  time: 


Table  I 

Solution 

Percent- 
age 

Ordinary 

Briquettes 

Stored  27  das. 

Waterproofed 

Briquettes 
Stored  89  das. 

NaCl 

0.1 

372 

317 

\aCl 

1.0 

393 

389 

NaCl 

5.0 

350 

381 

NaCl 

10.0 

491 

325 

Na,.COj 

0.1 

i-i 

380 

Xa.CO, 

1.0 

429 

371 

Na.CO, 

5.0 

423 

348 

Na„C03 

10.0 

373 

376 

Na,.SO^ 

O.I 

441 

409 

Na.SO^ 

1.0 

380 

338 

Na.,SO^ 

5.0 

206 

378 

Na.SO^ 

10.0 

58 

357 

H.O 

100.0 

448 

4U 

These  results  represent  a  mean  of 
five    experiments.      They    show   that 
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the  sulphate  is  the  harmful  salt; 
that  the  ordinary  cement  briquette 
is  rapidly  destroyed  by  the  stronger 
solutions ;  and  that  there  was  very 
little  weakening  in  the  case  of  the 
waterproofed  briquettes  even  after  a 
much  longer  period. 

In  regard  to  the  effect  of  enrich- 
ing the  mixture  as  a  protection 
against  deterioration  by  black  and 
white  alkalies,  I  desire  to  say  tliat 
black  alkali  is  not  especially  harm- 
ful to  concrete  except  that  its  pres- 
ence in  the  water  hastens  both  the 
initial  and  the  final  set.  It  is  pos- 
sible to  secure  an  initial  set  in  6  min. 
and  a  final  set  in  less  than  IV)  hrs. 
Neither  is  sodium  chloride,  classed 
as  a  white  alkali,  liarmful;  in  fact, 
it  actuall}^  strengthens  concrete  to 
store  it  in  strong  brine.  Enriching 
tlie  mixture,  however,  only  serves  to 
prevent  injury  to  the  extent  that  it 
renders  tlie  concrete  less  pervious. 
The  action  of  the  salts  is  on  the  bond 
between  the  cement  and  the  sand,  so 
however  rich  the  mixture  may  be, 
deterioration  will  eventually  take 
place  unless  the  mass  is  rendered 
impervious  to  water.  It  seems  that 
the  instant  sand  is  introduced  as  a 
component  part  of  the  mass  difficulty 
may  be  expected. 


Table 

II 

Neat  Cement  Briquettes 

Solution 

rcrceiitci 

ige 

Stored  for  89  das. 

NaCl 

0.1 

8U 

NaCl 

1.0 

861 

NaCl 

5.0 

910 

NaCl 

10.0 

941. 

Na^CO, 

0.1 

738 

Na^CO, 

1.0 

7.38 

Na,CO, 

5.0 

799 

Na^CO^ 

10.0 

818 

Na,SO^ 

0.1 

913 

Na,SO^ 

1.0 

911 

Na,SO, 

5.0 

1,037 

Na,SO, 

10.0 

1,139 

H,0 

100.0 

838 

In  Table  II  is  shown  the  tensile 
strength  of  neat  cement  britpiettes 
after  having  been  stored  for  the  stat- 
ed time  in  the  solutions  indicated. 
It  will  be  seen  that  the  cement  show- 
ed greater  strength  in  almost  every 
instance  when  stored  in  alkaline  solu- 
tions than  when  stored  in  water  and 
that  generally  the  strength  of  the 
bri(]uettes  increased  with  the  alkalin- 
ity of  the  solutions. 

This  is  especially  marked  in  the 
case  of  sodium  sulpliate  and  particu- 
lar attention  is  drawn  to  the  tensile 
strength  of  the  neat  cement  bri- 
quettes stored  in  a  \0^/(  solution  of 
sodium  sulphate  for  8f)  das.  as  com- 
))ared  with  that  of  the  1  :2  sand 
briquette  stored  in  the  same  solution 
for  only  27  das.  It  seems  reason- 
able, therefore,  to  draw  the  conelu- 


sion  that  the  action  is  on  the  bond 
rather  than  upon  the  cement  itself 
and  that  the  j)revention  of  injury 
by  enriching  the  mixture  is  only  a 
relative  term  and  that  the  jjossibili- 
ty  of  deterioration  is  immediately 
present  whenever  any  sand  is  intro- 
duced into  the  mixture. 

Speaking  from  the  ])ractical 
standpoint,  the  1  :2  mixture  would  be 
considered  rich  and  yet  the  strength 
of  such  a  mixture  was  reduced  to 
almost  nothing  within  less  than  one 
month's  time  when  the  briquette  was 
stored  in  a  strong  solution  of  sodi- 
um sulphate.  The  best  t))at  may  be 
stated  is  that  the  richer  mixtures 
would  be  less  liable  to  injury  and 
that  the  time  required  for  ultimate 
failure  would  probably  be  somewhat 
less. 

By  Mr.  Martin 

I  believe  that  a  rieli  mixture  will 
protect  concrete  permanently  when 
black  and  white  alkalies  are  in  the 
ground,  or  when  the  water  flowing 
in  a  canal  system  is  rather  heavily 
charged  with  alkali  for  about  two 
months  during  each  irrigation  sea- 
son. 

I  recall  hearing  of  a  theory  some 
time  ago  in  which  it  was  stated  that 
the  concrete  disintegration  was 
caused  by  absorption  of  the  alkali  in 
solution  and  subsequent  crystalliza- 
tion of  the  alkali.  This  appears  rea- 
sonable to  me,  or,  at  least,  a  theory 
worthj^  of  careful  consideration.  As 
I  have  had  excellent  success  with 
concrete  in  alkali  ground  and  water 
by  using  a  rich  mixture  and  care  in 
the  selection  of  the  sand  and  gravel 
or  broken  stone,  I  have  considerable 
confidence  in  its  use. 

By  Mr.  Magruder 

During  the  fall  of  1912  and 
spring  of  1913  we  carried  on  sev- 
eral experiments  on  this  project  to 
determine  the  effect  of  alkali  action 
on  concrete.  We  made  a  number  of 
test  pieces,  being  6-in.  cubes.  In  these 
brands  of  Portland  cement,  sand- 
test  pieces  we  used  various  standard 
cement,  and  cement  mixed  with  Mc- 
Cormick's  waterproofing  compound,' 
and  in  one  set  of  test  ])itees  we  used 
lola  Portland  cement"  mixed  with 
lO'/r  mineral  oil.  We  used  various 
mixtures  of  Portland  cement,  sand 
and  gravel,  varying  from  a  ]  :2  ri 
mixture  to  a  1  :9  mixture  of  pit-run 
material ;  also  one  set  of  samples 
consisting  of  1  part  Portland  cement 
and  2  parts  washed  sand.     The  sam- 


^•McCormick     Watcrproofiiit'     roitland     Ce- 
ment Co.,   St.  Louis 
"lola   Portland  Cement  Co..   lola,   Kan.s. 


pies  were  placed  in  a  concentrated 
solution  of  alkali  water  and  re- 
mained out  of  doors  for  the  entire 
winter.  All  of  the  samples  were 
cured  for  30  das.  before  being  placed 
in  the  alkali  water.  Those  samples 
which  were  made  of  the  leaner  mix- 
tures showed  signs  of  disintegration 
first  and  were  completely  disinte- 
grated within  about  45  das.  The 
same  effect  was  had  upon  the  alkali- 
))roof  cement  as  was  had  upon  the 
standard  lola  Portland  cement.  The 
only  sam})le  that  stood  throughout 
the  test  was  a  rich  mixture  of  1  part 
Portland  cement  and  2  parts  of 
clean,  washed  sand,  containing  IQl/^ 
lbs.  ])er  bbl.  of  McCormick's  water- 
])roofing  compound.  What  we  gain- 
ed from  this  set  of  tests  was  that  the 
richer  and  denser  the  mixture,  or  the 
more  impervious  to  water  the  con- 
crete could  be  made,  the  longer  it 
would  withstand  the  acti(m  of  alkali, 
and  there  is  no  doubt  in  m}^  mind 
that  if  the  concrete  could  be  made 
waterproof  it  would  permanently 
withstand  the  action  of  black  or  of 
white  alkali. 

I  have  had  occasion  to  observe  sev- 
eral concrete  structures  that  were 
being  disintegrated  by  alkali  action, 
and  in  practically  all  of  these  struc- 
tures the  water  was  leaching  through 
the  concrete  walls  and  evaporating 
on  the  surface.  Also  in  one  instance 
there  was  a  concrete  culvert  with  al- 
kali water  standing  about  1'  deep  in 
the  culvert.  The  floor  of  the  culvert 
was  absolutely  sound  but  for  about 
2"  vertically  on  the  side  walls  at  the 
water  line,  where  evaporation  was 
taking  ])lace,  there  was  very  rapid 
disintegration  of  tlie  concrete  Vv'alls, 
indicating  that  if  there  is  no  evap- 
oration in  connection  with  alkali  wat- 
er there  is  very  little  trouble  to  be 
feared  from  the  action  of  alkali  on 
concrete. 


Use  of  Linseed  Oil      □ 

Discussed  By  I..   A.  Waterbury' 
AND  R.  A.  Hart" 

"Will  painting  with  linseed  oil  pro- 
tect concrete  from  destruction  hif  al- 
kali?" 


Bv  Mr.  Waterbury 

The   writer   hesitates    to   give   any 
positive  answer  to  the  above  question, 


M'rof.  of  Civ.  Enffrg'.,  Univ.  of  Arizona,  Tne- 
=ion 

'Suporvisins:  Drainapre  Kngr.,  U.  S.  Dept.  of 
Ajrri.,   .Salt   Lake  City 
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Fig.  1 — Vertical  Section  of  Fihst-Story 
Wall  and  Veranda,  Uni\t;rsity  Hall, 
Univ.  of  Arizona,  Tucson 

but  is  inclined  to  believe  that  under 
some  conditions  painting  will  prove 
beneficial,  while  under  other  circum- 
stances it  will  probably  be  of  little 
benefit.  A  consideration  of  the  ac- 
tion of  alkali  may  be  of  assistance  in 
predicting  the  probable  effect  of  al- 
kali, under  given  conditions,  and  the 
probable  effect  of  painting  the  ma- 
sonry surfaces. 

One  very  good  example  of  the  ac- 
tion of  alkali,  which  has  come  to  the 
writer's  attention,  is  the  foundation 
of  University  Hall,  of  the  Univ.  of 
Arizona,  located  at  Tucson.  The 
building  is  200'  x  150'  in  plan,  is  two 
stories  ir^  height,  and  has  a  two-story 
veranda  around  the  entire  building. 
The  walls  of  the  first  story  are  of 
gray  stone  (a  volcanic  tuff),  and  the 
second  story  walls  are  of  red  brick. 
The  building  was  constructed  in 
1890,  the  foundation  probably  having 
been  laid  in  1889-  The  floor  of  the 
first  story  is  approxamately  V  below 
the  surface  of  the  ground  at  the 
north  end  and  6"  below  the  surface 
at  the  south  end.     A  section  of  the 


lower  part  of  the  vcrandri,  together 
with  the  wall  of  the  building  and  the 
retaining  wall  at  the  outside  edge  of 
of  the  veranda,  is  shown  in  Fig.  1. 
The  retaining  wall  is  built  of  the 
same  kind  of  stone  as  that  used  for 
the  wall  of  the  building.  Brick  piers 
resting  upon  the  retaining  wall  carry 
the  floor  of  the  veranda  for  the  sec- 
ond story. 

Upon  the  wall  of  the  building  a 
deposit  of  alkali  is  forming,  which  is 
disintegrating  the  stone  and  the  mor- 
tar. This  action  is  occurring  around 
the  entire  building,  the  area  of  dis- 
integration being  close  to  the  floor 
line  at  some  places,  and  as  high  as  3' 
above  the  floor  at  other  place.  The 
principal  area  of  attack  is  at  least  V 


some  of  the  spalls  which  have  been 
thrown  off  from  the  wall.  In  Fig.  3 
an  area  of  wall  is  shown  where  the 
entire  surface  of  the  stone  has  been 
loosened  and  is  about  ready  to  fall. 
This  loose  scale  was  taken  off  and 
another  photograph  of  the  same  area 
was  taken,  with  the  camera  in  the 
same  position  for  both  views.  The 
second  view  is  shown  in  Fig.  4,  in 
which  it  will  be  seen  that  a  heavy, 
white,  crystalline  deposit  has  been 
exposed.  Over  the  zone  of  disinte- 
gration the  mortar  in  the  joints  has 
crumbled  into  sand  and  dust,  near  the 
surface  of  the  masonry.  The  depth 
of  disintegration  of  the  mortar  is 
much  greater  than  that  of  the  stone, 
as  may  be  seen  in  Fig.  2. 


Fig.  2 — View  Showing  Zone  of  Disintegration 


above  the  floor.  Below  and  above 
this  zone  there  is  no  appreciable  dis- 
integration. This  zone  of  action  is 
shown  in  Fig.  2,  appearing  as  a  white 
area  due  to  the  exposed  crystallized 
salts.      Upon  the  floor  may  be  seen 


Upon  the  inside  face  of  the  retain- 
ing wall  there  are  a  few  places  where 
efflorescence  occurs,  but  here  the  salts 
have  formed  a  dejjosit  upon  the  sur- 
face of  the  wall,  and  neither  the 
stone  nor  the  mortar  is  appreciably 


Fig.  3 — Surface  Layer  of  Stone  Loosened  ry  Alkali 

Fig.  4 — ^Crystalline  Deposit  Exposed  by  Renewal  of  Loosened  Layers  of  Stone 

February,  1915 
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disintegrated.  However,  upon  the 
wall  rest  the  brick  piers  which  sup- 
port the  veranda  above,  and  the  lower 
portion  of  nearly  every  one  of  these 
piers  has  been  attacked,  and  the  ma- 
jority of  the  piers  have  alread}^  been 
repaired  with  Portland  cement  mor- 
tar. Two  jiiers  whicli  have  not  been 
repaired  are  shown  in  Fig.  5. 

Upon  the  inside  of  the  building, 
the  alkali  has  caused  disintegration 
of  the  plaster  and  injury  to  the  wall 
decoration.  The  original  zone  of 
trouble  with  the  ])laster  was  at  or  i 
little  above  the  zone  of  disintegra- 
tion upon  the  outside.  For  a  part  of 
the  building  the  plaster  on  the  lower 
jiortion  of  tlie  wall  was  removed,  and 
replaced  to  a  height  of  approximately 
4',  thus  forming  a  winscot.  tlie  sur- 
face of  which  was  painted.  This  has 
changed  the  location  of  the  zone  of 
trouble,  moving  it  up  to  a  point  near 
the  top  of  the  wainscot.  In  some 
places  the  disintegration  is  occurring 
above  the  wainscot,  while  in  other 
places  crystallization  is  occurring  on 
the  wainscot,  forming  a  layer  which 
loosens  the  paint. 

All  of  the  crystalline  deposits 
formed,  in  the  various  parts  of  the 
structure,  ajjpcar  from  their  taste  to 
be  composed  largely  of  common  salt. 

Consider  now  the  action  which  is 
responsible  for  the  various  phenom- 
ena mentioned.  Why  is  it  that  in  the 
case  of  the  retaining  wall  a  de|)osit 
is  formed  without  disintegration, 
while  in  the  case  of  the  building  wall 
the  surface  is  being  destroyed? 
Why  does  the  action  occur  at  a  par- 
ticular zone,  and  why  did  painting 
the  inside  surface  of  the  wall  change 
the  location  of  the  zone  of  attack.^ 
Apparentlv  the  principal  action  is 
merely  the  crystallization  of  salts, 
from  soil  water,  together  with  the  ex- 
pansion, similar  to  the  effect  of  freez- 
ing, which  is  produced  during  the 
crystallization.  Destruction  of  ma- 
sonry   from    such    action    will    occur 
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when  this  crystallization  takes  place 
in  the  interstices  of  the  masonr}', 
but  close  enough  to  the  surface  so 
that  the  overlying  masonry  is  too 
weak  to  resist  the  stress  due  to  the 
expansion.  In  the  case  of  a  wall  of 
a  building  the  bottom  of  the  wall  is 
likely  to  rest  upon  soil  which  is 
moist,  so  that  the  soil  water  is  drawn 
up  into  the  wall  by  capillarity.  At 
the  zone  which  forms  the  limit  of 
capillarity  extreme  concentration  of 
the  soluble  salts  will  occur,  and  only 
at  this  place  will  crystallization  take 
place.  If  destruction  from  alkali 
were  the  result  of  chemical  action  it 
is  probable  that  all  of  the  foundation 
impregnated  with  soil  water  would  be 
seriously  damaged.  In  the  example 
cited  no  destruction  of  the  stone  be- 
low the  zone  of  crystallization  was 
noted  and  it  is  the  writer's  belief  that 
in  the  majority  of  cases  the  destruc- 
tion by  alkali  is  to  be  attributed  to 
physical  rather  than  to  chemical  phe- 
nomena. In  a  vertical  wall  the  evap- 
oration ordinarily  occurs  at  the  side 
walls  and  if  the  soil  water  is  drawn 
upward  the  surface  forming  the  limit 
of  percolatu)n  will  be  convex  up- 
ward. There  will  be  a  certain  area 
at  which  the  limit  of  j)ercolation  lies 
close  to  but  beneath  the  surface,  and 
here  the  crystallization  will  split  off 
the  overlying  layer.  In  the  case  of 
the  retaining  wall  mentioned  the  limit 
of  capillarity  is  in  the  brick  piers, 
above  tlu!  wall ;  thus  the  entire  wall 
is  saturated,  only  a  small  amount  of 
salt  is  deposited,  and  this  deposit  is 
entirely  upon  the  surface,  causing  no 
disintegration. 

If  the  action  of  alkali  his  been  cor- 
rectly explained,  the  obvious  methods 
of  prevention  of  disintegration  would 
seem  to  be  ( 1 )  by  preventing  water 
charged  with  soluble  salts  from  en- 
tering the  masonry;  (2)  by  ])revent- 
ing  evaporation  of  water  near  the 
surface  of  the  masonry;  or  (3)  by 
forcing  evaporation  to  occur  entirely 


upon  the  surface.  For  concrete 
structures  evidently  the  use  of  an  im- 
pervious mixture  is  always  desirable. 
In  the  wall  of  a  building  the  use  of  a 
waterproof  membrane  below  the  limit 
of  capillarity  will  prevent  the  wall 
from  acting  as  a  wick.  The  use  of 
linseed  oil  or  of  any  similar  coating 
is  an  application  of  the  second  meth- 
od of  prevention  mentioned.  In  any 
case  it  should  retard  the  evaporation 
and  may  prove  sufficiently  effective 
for  a  particular  case.  In  general  it 
would  probably  not  entirely  prevent 
the  crystallization. 

By  Mr.  Hart 

In  my  opinion,  nothing  in  the  way 
of  coating  concrete  with  oil  or  any 
other  waterproofing  material  will  suf- 
fice to  prevent  destruction  of  the  con- 
crete by  the  activities  of  the  alkaline 
sulphates.  Concrete  may  be  coated 
with  tar  or  painted  with  tar  products, 
but  the  smallest  scratch  will  alloM- 
the  saline  water  to  come  in  contact 
with  the  concrete  and  capillary  at- 
traction will  do  the  rest.  The  ulti- 
mate result  would  be  that  the  struc- 
ture would  become  a  mass  of  disinte- 
grated material,  held  together  (per- 
liaps)  by  a  thin  shell  of  coated  sur- 
face concrete.  It  is  characteristic  of 
concrete  structures  that  have  failed 
that  the  internal  mass  is  disintegrated 
but  that  an  outer  shell  remains  fairly 
intact.  This  is  due  to  the  fact  that 
the  mixture  is  richer  at  the  surface, 
due  to  the  manipulation  during  con- 
struction. 

(Contributed)' 

The  painting  of  concrete  with  lin- 
seed oil  would  be  entirely  ineffective, 
unless  the  concrete  had  been  aged  for 
some  time  before  the  oil  was  applied. 
If  this  were  not  done,  the  lime  freed 
during  the  process  of  setting  in  con- 
nection with  moisture  would  rapidl}' 
saponify  the  oil  and  lessen  any  bene- 
ficial results  that  might  be  produced 
by  painting  with  it.  However,  in  the 
case  of  alkali  disintegration  the 
painting  would  have  to  be  done  im- 
mediately in  order  that  the  alkali 
might  not  come  in  contact  with  the 
green  concrete.  The  injury  done  to 
concrete  by  alkali  occurs  very  shortly 
after  the  concrete  has  been  placed. 
If  the  latter  could  be  aged  before  be- 
ing subjected  to  the  alkali,  all  in- 
jurious effects  would  be  very  marked- 
ly   reduced. 

It  should  be  borne  in  mind  that  the 
denser  tlie  concrete  the  less  effect 
alkali  has  upon  it,  and  consequently 
])ainting  with  cement  grout  would  in 
a  number  of  cases  prove  beneficial. 
Moreover,  the  painting  of  green  con- 
crete with  any  saponifiable  oil  is  a 
(juestionable  procedure  on  account  oC 

rchruari/.  10ir> 
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saponific'ition,  and  for  this  reason  we  you  will  find  that  the  manufacturer 

find  most  concrete   paints   contain   a  of  the  paint  reconnnends  the  use  of 

minimum  amount  of  linseed  oil,  but  such  primers  as  solulioiis  of  silicate 

very  slowly  saponifiahle  hard  resins.  of  soda  and  zinc  sulj)hate,  either  of 

contain   as   much   as   possible  of  the  which  will  take  care  of  any  free  lime 

In   case  a  linseed  oil  paint  is   used;,  produced. 


Expansion   Joints   Over  Beams  and 
Girders 
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Discussed  By  John   T.   Simpson^  and  Albert  M.  Wolf^ 


"One  of  the  disturbing  features  in 
the  construction  of  a  steel  frame 
building  with  reinforced  concrete 
arches  is  the  fact  that  cracks  appear 
on  the  surface  of  cement,  tile  or  ter- 
razzo  floor  over  the  beams  and  gird- 
ers, after  a  week  or  10  das.  have 
passed. 

1.  "Would  the  arch,  if  carried  the 
full  depth  over  the  beams  and  gird- 
ers, the  reinforcement  being  set  up 
above  the  top  flange  of  the  beams  or 
girders  to  insure  the  proper  distribu- 
tion of  reinforcement,  and  the  encas- 
ing of  the  beams  and  girders  being 
separate  from  the  arch,  show  any  evi- 
dence of  shrinkage  cracks? 

2.  "If  so,  where  would  they  be 
likely  to  occur? 

3.  "Would  it  be  well  to  make  an 
expansion  joint,  say  about  every  15' , 
or  on  the  line  of  columns?" 


By  Mr.  Simpson 

Replying  to  the  inquiry  regarding 
the  cracking  of  cement  surface,  tile 
or  terrazzo  floors  over  beams  and 
girders,  a  week  or  ten  das.  after 
they  have,  been  installed,  would  say 
that  this  particular  feature  in  fire- 
proof construction  has  been  one  of 
the  most  annoying  in  the  building 
trade,  and  the  writer  has  personally 
tried  many  different  ways  to  elimin- 
ate this  fault. 

It  is  almost  impossible  to  over- 
come the  expansion  of  such  construc- 
tion due  to  the  relatively  large  size 
of  the  beams  as  compared  with  the 
thin  section  of  the  surface  to  rein- 
force the  two  members  sufficiently 
to  prevent  expansion  joints.  There- 
fore, after  a  number  of  experiments 
in  the  various  methods  of  reinforce- 
ment, including  the  carrying  of  full- 
size  slab  over  top  of  beams,  the  writ- 
er found  that  the  most  satisfactory 
way  to  deal  with  this  problem  was 

'Arch,  and  Engr.,  Newark,  N.  J. 

''Prin.  Asst.  Engr.,  Condron  Co.,  Structural 
Engrs.  Chicago 
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Sketch  Showixg  Location  of  Expaxsiox 
JoixTS  0\t:r  Face  of  Beams 


to  make  an  expansion  joint  through 
the  top  filling  of  cement,  terrazzo  or 
tile  along  the  line  directly  over  the 
outside  edge  of  the  outside  concrete 
surface  of  the  beam,  allowing  the 
expansion  to  come  out  at  this  point. 
This  has  the  effect  of  marking  off  a 
narrow  panel  directly  over  the  beam 
the  same  width  as  the  beam,  as  shown 
in  the  accompanying  sketch,  and  giv- 
ing the  top  surface  an  opportunity 
of  .expanding  at  the  joint  of  the  beam 
and  the  slab. 

On  several  buildings  on  which  the 
writer  has  followed  this  method,  no 
expansion  joints  appear  except  along 
the  lines  established  for  them,  pro- 
viding the  expansion  over  the  slab 
as  having  the  effect  of  filling  the 
cracks  between  slab  and  beam,  and 
the  only  method  the  writer  has  yet 
found  that  guarantees  the  elimina- 
tion of  these  cracks  is  the  one  above 
described. 

By  Mr.  Wolf 

In  the  writer's  opinion  the  cracks 
which  appear  over  beams  and  gird- 
ers in  steel  frame  buildings  with 
reinforced  floor  slabs  are  not  so  much 
due  to  shrinkage  as  to  the  difference 
in  the  general  action  of  steel  fram- 
ing and  monolithic  concrete  construc- 
tion ;  steel  framing  acts,  in  practical- 
ly all  cases,  as  a  series  of  simple  I- 


beains,  while  concrete  construction 
tends  to  act  as  a  more  or  less  contin- 
uous structure.  This  combination,  it 
can  readily  be  seen,  is  not  an  ideal 
one  and  is  therefore  almost  sure  to 
develop  faults. 

Then  again  in  steel  frames  a  limit- 
ing deflection  of  V^.r.o  f>f  the  span  i.s 
allowable  and  })ractically  all  of  the 
longer  members  of  a  steel  frame  floor 
will  at  their  rated  loadings  have  de- 
flections very  closely  approximating 
this  figure.  This  is  due  to  the  fact 
that  nearly  all  designers  design  steel 
beams  carrying  concrete  floors  for 
strength  instead  of  deflection  or  in 
accordance  with  the  current  practice 
for  steel  frame  buildings  with  tile 
floor  arches.  Now  if  a  concrete  mem- 
ber encased  in  concrete  deflects  %«() 
of  the  span,  the  concrete  will  be  seri- 
ously cracked.  To  prevent  this 
trouble,  the  steel  members  should  be 
designed  for  a  maximum  deflection 
bf,  say  %oo  of  the  span. 

Having  designed  the  supporting 
frame  for  limited  deflection,  atten- 
tion should  be  paid  to  reinforcement 
of  slabs  over  the  supporting  beams 
and  girders  to  insure  continuous  ac- 
tion. This  means  that  sufficient  rein- 
forcement should  be  provided  over 
support  to  care  for  the  negative  mo- 
ment developed  and  that  something 
more  than  just  an  inch  or  two  of 
concrete  over  the  top  flanges  of 
beams,  for  such  a  sudden  change  in 
depth  of  slab  increases  the  bond 
stresses  very  suddenly  which  tends 
to  develop  cracks  in  addition  to  those 
likely  to  be  caused  by  shrinkage 
which  displays  its  effects  at  points 
of  sudden  change  in  depth  of  con- 
crete. If  the  slab  is  carried  en- 
tirely above  the  flanges  of  beams, 
the  best  results  should  be  obtained, 
this,  of  course,  increasing  the  depth 
of  the  floor  construction  and  neces- 
sitating higher  stories  for  the  same 
effective  height. 

Encasing  the  beams  and  girders 
separate  from  the  arch  or  slab 
would  not  be  economical  from  the 
contractor's  standpoint,  and  not  like- 
Iv  to  give  any  better  satisfaction. 
The  presence  of  numerous  expansion 
joints  would  be  just  as  undesirable, 
even  if  not  quite  so  unsightly  as  rag- 
ged cracks,  and  cannot  be  looked 
upon  as  a  solution  of  the  problem. 

The  combination  of  steel  framing 
with  concrete  floors  is  by  no  means 
so  economical  as  a  construction  built 
entirely  of  reinforced  concrete  and  if 
the  former  type  is  designed  to  avoid 
the  difficulties  mentioned  the  extra 
cost  will  throw  the  balance  decided- 
ly in  favor  of  reinforced  concrete 
especialh'  of  carefully  designed 
girderless   floors   or   flat  slabs. 

[9,?] 
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Correspondence  :  a  Department 

in  Which  tlie  Reader  Becomes  the   Writer         □ 

This  is  your  department.  It  is  informal.  Use  it.  This  is  the 
place  for  letters  which  have  either  inspiration  or  information  for 
the  ^ 'other  fellow.  ^^  It  is  well  to  remember  that  you  are  usually 
in  his  positio?i.  If  you  are  to  get  the  good  out  of  these  columns, 
why  not  help  to  make  them  good  ?  IVrite  about  your  work. 
Help  the  Other  ''other felloxv.''  n  n  n 


Concrete  in  Cold  Wea- 
ther U  D 

A  Letter  from  Leonard  C.  Wason^ 

Long  experience  can  best  over- 
come the  obstacles  attached  to  con- 
struction work  in  winter.  In  laying 
brick  there  is  danger  of  the  mortar 
freezing,  and  in  concrete  work,  dan- 
ger of  the  concrete  freezing.  But 
while  brick  walls  will  generally  stand 
by  tlu'ir  own  weight,  even  if  the  mor- 
tar is  destroyed  by  frost,  concrete 
subjected  to  frost  is  extremely  treach- 
erous. If  it  is  frozen  it  will  be  as 
hard  as  properly  set  concrete,  but  if 
the  forms  are  removed  the  work  will 
collapse  as  soon  as  a  thaw  comes. 
It  is  true  that  frozen  concrete  will, 
if  the  forms  are  kept  in  place,  set 
properly  when  the  thaw  comes,  and 
experiments  have  shown  that  the 
strength  may  be  slightly  increased  in 
this  way.  But  only  an  expert  can 
distinguish  between  the  appearance 
of  frozen  concrete  and  concrete 
which  has  set  properly. 

Our  location  in  New  England  has 
made  it  necessary  for  us  to  do  a  great 
deal  of  difficult  winter  work.  From 
our  experience  with  it,  we  do  not  hes- 
itate to  recommend  the  use  of  rein- 
forced concrete  for  erection  at  any 
time  in  the  year.  Each  winter  we 
have  carried  through  three  or  four 
good  sized  jobs,  and  can  confidently 
assert  that,  in  strength  and  excel- 
lence of  workmanship,  they  are  fully 
equal  to  any  summer  concrete  work. 
We  are  willing  to  undertake  and  to 
guarantee  concrete  work  under  the 
most  adverse  cold  weatlier  conditions. 

precaution  to  be  taken 

From  the  boiler  a  steam  pipe  is 
taken  to  the  sand  pile  and  another 
one  to  the  stone  pile.  A  canvas 
should  be  thrown  over  the  top  of  the 
stone  pile  to  retain  the  heat  and  keep 
out  storms.    On  jobs  where  sand  and 

•Pres.    Abertliaw    Construction    Co.,    Boston 


stone  are  received  on  railroad  cars 
a  steam  pipe  laid  parallel  with  the 
tracks  is  provided  with  at  frequent 
intervals,  from  which  hose  may  be 
taken  directly  into  the  car.  This  in- 
sures that  all  sand  and  stone  are 
warm  when  placed  in  the  mixer.  Sim- 
ilarly, steam  turned  into  the  water 
barrel  heats  the  water  used  in  the 
mixing.  The  cement  is  not  heated, 
for  this  would  too  greatly  accelerate 
its  setting.  Salt  is  frequently  mixed 
with  the  concrete — from  %  1^.  to  2 
lbs.  to  each  bag  of  cement — as  a  pre- 
caution against  sudden  unexpected 
drops  in  temperature.  This  lowers 
the  freezing  point  of  the  water  in  the 
concrete,  and  although  it  slightly 
retards  the  set  of  the  cement,  it  does 
not  seriously  impair  its  strength. 

Before  pouring  concrete,  all  forms 
are  swept  clean  of  snow,  and  ice  is 
removed  with  a  steam  jet.  The 
building  as  it  goes  up  is  enclosed  with 
canvas,  floor  by  floor,  until  the  con- 
crete has  fully  hardened.  Salaman- 
ders burning  coke  are  placed  under- 
neath all  freshly  poured  concrete 
and  kept  burning  night  and  day  until 
the  hardening  is  complete.  In  this 
way  the  inside  of  the  building  is  kept 
about  30°  F.  above  that  of  the  air 
outside.  Care  is  necessary  in  using 
salamanders  because  of  the  risk  of 
formwork  fire — an  accident  which 
we  have  been  fortunate  in  avoiding. 
The  tops  of  freshly  poured  concrete 
floors,  which  cannot  well  be  enclosed 
in  canvas,  are  covered  with  paper  and 
about  a  foot  of  hay  or  straw,  the  lat- 
ter sometimes  sprinkled  with  salt. 
Several  other  methods  are  used,  as 
circumstances  dictate.  Little  care 
need  be  used  to  prevent  mass  con- 
crete from  freezing,  as  the  frost  will 
usually  strike  to  a  depth  of  about  V 
only. 

It  is  very  common  in  winter,  be- 
cause of  the  danger  of  freezing,  to 
put  the  finish  on  as  a  separate  oper- 
ation after  the  building  is  all  en- 
closed, and  not  as  an  integral  part  of 
the  construction.  When  it  is  so  put 
on,  it  must  be  kept  from  frost  for 
the  first  48  hrs.  at  least. 


vm 


The  expense  of  protection  against 
the  weather  is  not  very  great — per- 
haps from  6%  to  10%  more  than 
the  cost  of  the  concreting  in  warm 
weather.  A  part  of  this  extra  ex- 
pense is  due  to  the  heating  opera- 
tions, a  part  to  the  decreased  effi- 
ciency of  workmen  numbed  by  cold, 
and  a  smaller  part  to  the  compara- 
tively slow  progress  of  work  due  to 
allowing  a  longer  period  for  the 
concrete  to  harden.  In  spite  of  this, 
we  have  found  each  year  several 
owners  who  have  considered  it  worth 
while  to  pay  this  extra  cost  on  the 
score  of  certain  and  early  delivery 
of  completed  buildings  the  first  of  the 
new  year. 

Occasionally  it  is  necessary  to  make 
some  provision  for  the  protection  of 
the  men.  Shelters  or  wind-shields 
are  built  in  front  of  the  benches 
where  carpenters  are  making  up 
forms,  as  well  as  around  the  men  at 
the  concrete  mixer,  whose  work  does 
not  necessarily  keep  them  warm. 
Where  excavation  is  going  on  in  the 
open  it  pays  to  have  a  building  with 
a  good  fire,  where  the  men  can  warm 
themrselves  when  necessary.  On  a 
few  particularly  cold  jobs  it  has 
proved  wise  to  furnish  hot  coffee, 
free,  in  these  shelters. 

Among  the  reinforced  concrete 
buildings  which  we  have  erected, 
wholly  or  partly  in  the  winter,  are 
automobile  and  shoe  factories,  tex- 
tile and  paper  mills,  warehouses, 
office  buildings,  machine  shops,  gar- 
ages, dams,  filters,  etc.  Notable 
among  these  buildings  are  the  10- 
story  Larkin  warehouse  and  freight 
terminal,  containing  over  14  acres  of 
floor  space ;  the  Hood  Rubber  Co. 
warehouse,  with  reinforced  concrete 
girders  of  86-ft.  span — the  largest, 
with  two  exceptions,  in  the  world; 
the  storage  and  nickel-plating  build- 
ings of  the  Pierce-Arrow  Motor  Car 
Co.,  and  a  building  for  the  Pacific 
Mills  at  Lawrence,  Mass. 


The  Use  of  Grout  Fill- 
er in  Brick  Paving"      n 

A  Letter  from  F.  A.  Churchill* 

In  round  numbers  the  output  of 
paving  brick  in  1912  amounted  to 
564,000,000.  Figures  for  1914  are 
not  yet  available.  The  equivalent  in 
sq.  yds.  of  5 .'54,000,000  brick  is  13,- 
850,000.  As  1  bbl.  of  cement,  mixed 
with  an  equal  volume  of  sand,  will 
ordinarily  fill  the  joints  of  35  sq. 
yds.  of  brick  pavement,  it  would  re- 
quire   395,715    bbls.    of    cement    to 


^The    Dunn    Wire-Cut-Lug    Brick    Co.,    Con- 
neaut,  Oiiio 
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grout  13,850,000  sq.  yds.  of  pove- 
ment. 

As  the  standard  brick  pavement  is 
laid  on  a  concrete  foundation  varying 
from  4"  to  Q"  in  depth,  and  as  the 
concrete  is  usually  a  1 :3 :6  mixture,  1 
bbl.  of  cement  lays  approximately 
the  foundation  for  6  sq.  yds.  of  pave- 
ment. Foundation  for  13,850,000 
sq.  yds.  of  pavement  would  take, 
therefore,  2,308,333  bbls.  of  cement, 
which,  added  to  the  395,715  bbls.  re- 
quired for  filler,  would  aggregate 
2,704,04.8  bbls.  of  cement  for  the 
year  1013,  if  all  brick  pavement  had 
been  laid  with  a  concrete  foundation 
and  with  cement-grout  filler. 

Of  course  these  figures  represent 
the  extreme  possibilities  of  the  year, 
but  they  serve  to  show  that  the  field 
for  exploitation  of  cement  for  brick 
pavements  is  worth  cultivating. 

The  Natl.  Paving  Brick  Mfrs. 
Assn.,  and  the  Am.  Soc.  of  Municipal 
Improvement  are  agreed  that  cement- 
^rout  filler,  a  1 :1  mixture,  is  the  only 
filler  I  that  ought  to  be  used  in  a  brick 
pavement.  Sand  fillers  and  soft  fill- 
ers of  the  asphaltic  type  are  unsat- 
isfactory on  account  of  softening 
and  working  out  from  the  joints,  leav- 
ing the  edges  of  the  brick  unpro- 
tected so  that  they  wear  off  from 
abrasion,,  thereby  causing  a  rough 
and  noisy  pavement  and  leaving  the 
joints  as  open  receptacles  for  street 
filth,  dust,  etc. 

Even  in  transverse  expansion 
joints,  soft  fillers  have  proven  so  de- 
structive of  pavements  tliat  the  trans- 
verse joint  has  been  condemned  by 
every  competent  authority,  and  by 
state  highway  departments  of  such 
states  as  N.  Y.,  Ohio  and  others. 

Experience  has  demonstrated  the 
validity  of  the  theory  that  the  more 
nearly  monolothic  a  brick  pavement 
is  the  longer  is  its  natural  term  of 
serviceable  life.  A  monolithic  struc- 
ture is  possible  with  cement-grout 
filler  only.  Brick  should  have  a 
rough  contact  surface  for  bonding 
and  square  edges  which  permit  of  a 
flush  surface  joint.  If  properly 
grouted,  the  flush  joint  cannot  chip 
or  wear  out.  It  protects  the  edges  of 
the  brick  and  is  protected  by  the 
square  edges  of  the  brick,  so  that 
brick  and  joint  wear  evenly  and 
smoothly  under  traffic  abrasion. 

Wherever  we  are  able  to  control 
the  situation,  none  of  our  brick  is 
allowed  to  be  laid  without  a  cement- 
grout  filler,  and  the  exceptions  have 
teen  so  rare  as  to  be  negligible. 


Organizations 


American  Concrete  Institute,  Edward 
E.  Krauss,  Secretary,  Harrison  Building, 
Philadelphia,  Pa.  Convention,  Auditori- 
um Hotel,  Chicago,  Feb.  9-12,  1915. 

American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  5.38  S.  Clark 
St.,  Chicago.  Convention,  Chicago,  Feb. 
15  and  16. 

American  Highway  Association,  I.  S. 
Pennybacker,  Jr.,  Executive  Secretary; 
Charles  P.  Light,  Business  Manager;  Col- 
orado  Bldg.,  Washington,   D.   C. 

American  Road  Builders'  Association, 
Secretary,  E.  L.  Powers,  150  Nassau  St., 

N.  Y.  a 

Association  of  American  Portland  Ce- 
ment Manufacturers,  Percy  H.  Wilson, 
Secretary,  Bellevue  Court  Building, 
Philadelphia,  Pa. 

Cement  Products  Exhibition  Co.,  208 
S.  LaSalle  St.,  Chicago,  111.;  J.  P.  Beck, 
General  Manager.  Show,  Chicago  Coli- 
seum, Feb.  10-17,  1915. 

Iowa  Association  of  Cement  Users,  Sec- 
retary, H.  H.  Dean,  Glenwood,  la. 

Mid-West  Cement  Show,  Omaha,  Neb., 
Mar.  2-6,  1915. 

National  Conference  on  Concrete  Road 
Building,  J.  B.  Beck,  Sec,  208  S.  LaSalle 
St.,  Chicago. 

Nebraska  Cement  Users'  Association, 
Secy.-Treas.,  Frank  Whipperman,  Omaha, 
Neb.  Convention,  Omaha,  Mar.  2-6,  in 
connection  with  Mid-West  Cement  Show. 


If  the  concrete  surface  has  been 
bady  hair-cracked,  from  heat,  the  de- 
fect can  easily  be  remedied  by  rub- 
bing with  an  ordinary  carborundum 
block,  and  applying  a  thin  cement  or 
tnortar  grout,  well  rubbed  in. 

February,  1915 


American  Concrete  Institute 

The  eleventh  annual  convention  of 
the  American  Concrete  Institute  will 
be  held  at  the  Auditorium  Hotel, 
Chicago,  Feb.  9-12,  1915.  The  Con- 
vention will  mark  the  completion  of 
the  10th  year  of  the  existence  of  the 
Institute.  The  sessions  will  be  at  10 
a.  m.,  3  p.  m.,  and  8  p.  m. 

The  tentative  program,  announced 
as  follows,  suggests  the  probability 
of  interesting  contributions  to  the 
general  knowledge  of  concrete: 

CONCRETE    ROADS    AND    BRIDGES 

Tuesday,  Feb.  9 — Opening  Address  of 
Welcome.  Review  of  Present  Practice  in 
Concrete  Road  Construction,  by  Percy  H. 
Wilson,  Secy.  Assn.  of  Am.  Portland  Ce- 
ment Mfrs.,  Philadelphia.  The  Experi- 
mental Concrete  Road  in  Philadelphia,  bj^ 
William  H.  Council,  Chf.  Bur.  of  High- 
ways, Philadelphia.  Reinforcing  Narrow 
Concrete  Roads,  by  John  Mueller,  Civil 
Engineer,  New  Castle,  Ind.  Report  of 
Committee  on  Concrete  Roads,  A.  N. 
Johnson,  Chairman. 

3:00  p.  m. — Comparative  Cost  of  Con- 
Philadelphia.     Cost  of  Construction  and 


Maintenance  of  0)ncrcte  Hoads,  by  H.  J. 
Kuelling,  County  Higliway  Commissioner, 
Crete  Roads,  by  Percy  H.  Wilson,  .Secy. 
Assn.  of  Am.  Portland  Cement  Mfrs., 
Milwaukee.  The  Construction  of  Integral 
Curbs,  by  Charles  K.  Russell,  City  En- 
gineer, Highland  Pari<,  111.  Organization 
and  Methods  of  Constructing  Concrete 
Roads,  by  William  Acheson,  Division 
Engineer,  New  York  State  Highway  Com- 
mission, Buffalo. 

8:00  p.  w.— Test  of  a  Reinforced  Con- 
crete Slab  Bridge,  by  E.  B.  McCormick, 
Mechanical  Engineer,  Office  of  Pub. 
Roads,  Washington,  D.  C.  Standard  De- 
igns for  Concrete  Highway  Bridges  and 
Culverts,  by  C.  B.  McCullough,  Design- 
ing Engr.,  Iowa  State  Highway  Com- 
mission, Ames,  la.  Report  of  Committee 
on  Standard  Specifications  for  Concrete 
Highway  Bridges  and  Culverts,  William 
Whited,  Chairman. 

CONCRETE  AND  REINFORCED  CON- 
CRETE TESTS  AND  DESIGN 
Wednesday,  10:00  a.  m. — Report  of 
Committee  on  Concrete  and  Reinforced 
Concrete  by  A.  E.  Lindau.  Report  of  Com- 
mittee on  Nomenclature,  by  F.  C.  Wight, 
Chairman.  Report  of  Committee  on  In- 
-surance,  by  J.  P.  H.  Perry,  Chairman. 
The  Design  of  Wall  Columns  and  Wall 
Beams,  by  San  ford  E.  Thompson,  Con- 
sulting Engr.,  Ne.wton  Highlands,  Mass. 
A  New-Old  Theory  for  Reinforcing  Con- 
crete in  Bending,  "by  L.  J.  Mensch,  Con- 
tracting Engr.,  Chicago.  The  ballot  box 
closes  at  noon. 

3:00  p.m. — Reinforced  Concrete  Stands, 
Stadiums  and  Bowls,  Charles  W.  Leavitt, 
Jr.,  Civil  and  Landscape  Engr.,  N.  Y. 
C.  The  Design  of  Concrete  Bins  for  the 
Storage  of  Cement,  by  Leonard  Wesson, 
Asst.  to  President,  Universal  Portland 
Cement  Co.,  Chicago.  Tests  on  Egg- 
Shape  and  Circular  Reinforced  Concrete 
Sewer  Pipe,  Albert  Goldbeck,  Engr.  of 
Tests,  Bur.  of  Surveys,  Philadelphia. 

8:00  p.  m. — Annual  Address  of  Presi- 
dent Richard  L.  Humphrey,  Philadelphia. 
A  Critical  Review  of  Current  Practice  in 
Reinforced  Concrete  as  Embodied  in 
Building  Regulations  and  the  Joint  Com- 
mittee Report,  by  Edward  Godfrey,  Con- 
sulting Engr.,  Pittsburgh.  Basis  of  Cur- 
rent Practice  in  Design  of  Reinforced 
Concrete  Structures,  by  C.  A.  P.  Turner, 
Consulting  Engr.,  Minneapolis. 

CONCRETE   IN   ART  AND  ARCHITECTURE 

Thursday,  9:00  a.  m. — Business  Session. 
Annual  Report  of  Board  of  Direction. 
Report  of  Tellers. 

10:00  a.  m. — Report  of  Committee  on 
Edison  Fire,  by  Case  Gilbert,  Chairman. 
Concrete;  A  Medium  of  Esthetic  Expres- 
sion, by  Irving  K.  Pond,  Architect,  Chi- 
cago. Report  of  Committee  on  Cement 
Products,  by  C.  K.  P.  Arp,  Chairman. 
Cement  Tile,  by  J.  S.  Freund,  General 
Manager,  American  Cement  Tile  Mfg. 
Co.,  Pittsburgh. 

3:00  p.  in.— The  Fireproof  Home,  by 
R.  P.  Stoddard,  Executive  Secretary,  So- 
ciety Advocating  Fire  Elimination,  Cleve- 
land. Report  of  Committee  on  Treatment 
of  Concrete  Surfaces,  by  L.  C.  Wason, 
Chairman.  A  New  and"  Simple  Method 
for  Securing  Dustless  Concrete  Floors,  by 
P.  M.  Bruner,  P.  M.  Bruner  Granitoid 
Co.,  St.  Louis.  Topical  Discussion  on  the 
Dusting  of  Concrete  Floors. 

8:00  p.  m. — Annual  Banquet  in  celebra- 
tion of  10th  anniversary. 

PLANT  MANAGEMENT  AND   COST 

Friday,  10:00  a.m. — ContraK-tor's  Equip- 
ment,    Austin-Nichols     Warehouse,     by 
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T.  A.  Smith,  General  Siii)t.,  Turner 
Construction  Co.,  X.  Y.  C.  .Meclianical 
Plant  for  Handling  Concrete,  by  Wni.  P. 
Anderson,  President,  Ferro-Concrete  Con- 
struction Co.,  Cincinnati.  The  Strength 
of  Concrete  Forms,  by  Harrison  B.  Taft, 
Contracting  Engineer,  Seattle,  Wn.  Con- 
crete Forms  for  the  Catskill  Aqueduct, 
by  Alfred  D.  Flinn,  Deputy  Chief  Engr., 
N.  Y.  lid.  of  Water  Supply.  X.  Y.  C. 

3:00  p.  m. — Design  and  Construction  of 
the  Massachusetts  Institute  of  Tedmology 
Buildings,  vSanford  E.  Thouipson,  Consult- 
ing Engr.,  X'ewton  Highlands,  Mass.  Re- 
port of  Committee  on  Methods  of  Tests 
and  Standard  Specifications  for  Concrete 
Materials,  Sanford  E.  Thompson,  Ciiair- 
man.  Placing  Concrete  with  Higii  Pres- 
sure Steam,  by  Harold  P.  Brown.  X'.  Y. 
C.  Some  Further  Properties  of  Portland 
Cement  Having  a  High  Percentage  of 
Magnesia,  by  P-  H.  Bates,  Chemist,  Bur. 
of  Standards,  Pittsburgh. 


Concrete    Roads — Facts    and 
Opinions  from  the  Amer- 
ican Assn. 

Supplemental  to  the  general  report 
of  the  convention  of  the  American 
Roadbuilders  A.s.sn.  convention  in 
Chicago,  23ublished  in  the  Jan.,  1915, 
issue,  same  excerpts  from  papers 
and  discussions  at  that  meeting  are 
now    presented. 

In  view  of  the  fact  that  elsewhere 
in  this  issue  there  is  a  paper  by  H. 
J.  Knelling,^  prepared  especially  for 
this  magazine,  and  going  into  con- 
siderable detail  on  the  concrete  road 
work  in  Milwaukee  Co.  in  ^9^^,  it 
is  superfluous  to  publish  all  of  the 
brief  paper  presented  by  Mr.  Kuel- 
ling  at  Chicago.  Following,  how- 
ever, are  some  excerpts  in  which  are 
some  views  as  to  methods  differing 
considerably  from  what  has  been  re- 
garded as  standard  practice.  Mr. 
Kuelling  said: 

Roadbed. — As  in  all  forms  of  road 
construction,  the  roadlied  for  a  concrete 
road  is  almost  as  important  as  the  wear- 
ing surface  itself.  However,  because  of 
the  rigid  nature  of  the  j)avement,  I  be- 
lieve that  the  roadl)ed  can  be  of  jjoorer 
quality  for  this  form  of  road  construction 
than  that  in  any  other  form  that  I  know 
of.  This  does  not  mean  that  I  recom- 
mend the  neglecting  of  proper  j)rei)aration 
of  the  roadbed;  but  as  engineers  know,  in 
preparing  a  road  in  very  dry  weather, 
springy  or  spongy  places  are  sometimes 
overlooked  and  in  the  cases  of  non-rigid 
roads  these  places  will  show  \ip  at  some 
future  date,  wliereas  with  a  concrete  road 
I  believe  that  the  slab  often  bridges  these 
places  and  no  serious  results  come  about 
excepting  a  possible  cracking  of  tlie  road. 
I  think  a  little  ton  much  attention  has, 
perliaps,  been  paid  to  thorough  roiling  of 
the  sub-grade  rather  than  to  the  thorough 
destruction  of  the  old  road  surface  in 
order  to  have  a  sub-grade  of  uniform 
density  under  the  new  road.  In  my  own 
work,  we  did  practically  no  rolling  other 
than  that  accom])lishe(i  by  traction  en- 
gines drawing  the  graders;  or,  in  a  few 
cases,  by  tractors  hauling  material. 

'HiKliway   Comnir.,    Milwaukee   Co.,    Wis. 
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I'lt-Run  Grave]. — In  no  case  would  I 
])ermit  the  use  of  })it-ruu  material  in  the 
concrete  road. 

Proportions.- — I  believe  that  too  often 
tlie  proportions  are  sj)ecified  more  or  less 
i)lindly.  I  believe  that  tiiey  should  de- 
pen*.,  absolutely  upon  the  quality  of  the 
material  that  is  obtainable.  This  neces- 
sitates a  careful  study  of  the  voids  and 
the  make-uj)  of  the  gravel  or  stone  that 
migiit  l)e  used.  I  believe  that  uni- 
formity of  mixing  is  as  important  al- 
most as  the  amount  of  cement  demanded. 
I  l)elieve  that  the  proportions  should  be 
those  that  will  give  the  greatest  density 
and  most  homogeneous  concrete  that  can 
be  ol)tained  with  tlie  sand  and  stone  ob- 
tainable. If  the  addition  of  hydrated 
lime  or  some  other  inactive  material  will 
tend  to  assist  in  obtaining  these  results 
without  lowering  the  abrasive  value  of  tne 
concrete,  1  believe  it  should  be  included 
in  the  projjortions.  I  believe  there  is  a 
wide  field  open  for  careful  experiments 
along  this  line.  Personally,  I  iiope  to 
make  some  abrasive  tests  in  the  near 
future  on  different  mixes  containing  hy- 
drated lime.  At  the  present  time  I  am 
using  a  mix  of  l:2:3i/_><  but  I  would  not 
for  a  moment  say  this  is  the  proper  mix 
for  all   parts  of  the  country. 

Reinforcement. — I  believe  it  is  in  ex- 
cejitional  cases  only  that  reinforcement  is 
necessary  in  a  country  road,  these  cases 
l)eing  only  when  sjiringy  spots  are  en- 
countered or  possil)ly  where  sufficient 
drainage  is  impossible  due  to  the  swampy 
nature   of   the    territory. 

Placinc). — For  road  work  proper,  I  pre- 
fer a  spout  to  a  boom.  The  main  reason 
for  this  is  that  the  material  is  deposited 
in  smaller  quantities,  with,  therefore,  less 
tendency  toward  separation  of  the  aggre- 
gate and  mortar,  ^'^ery  commonly  the 
boom  bucket  leaks  and  unless  careful 
watch  is  maintained  there  is  a  pile  of 
moriar  left  at  eacii  moving  of  the  ma- 
rliine.  Further,  tlie  boom  is  additional 
weight  to  be  carried  arovmd  and  is  often 
the  cause  of  delaying  the  work. 

.Joint ft. — The  question  of  joints  is,  I 
lielieve,  the  most  unsettled  one  in  connec- 
tion with  concrete  roads.  We  have  in- 
creased our  joint  spacings  from  25'  to  S.**' 
and  from  ."iS'  to  50'  and  at  the  present 
time  I  see  no  reason  for  shortening  the 
spacing.  I  doubt  very  seriously  the  neces- 
sity for  steel  jirotecting  plates,  for  no 
matter  how  carefully  they  are  placed  there 
is  a  tendency  to  chi]i,  thus  demanding  an 
almost  immediate  tarring  of  the  joints. 
I  believe  the  joints  of  tiie  future  will  be 
merely  felt  or  paper  witli  a  slight  round- 
ing of  the  joint,  with  an  edging  tool, 
which  will  be  filled  in  by  the  pounding 
down  of  the  felt  which  has  been  permit- 
ted to  stick  up  above  the  surface.  I 
lielieve  that  the  ability  to  get  concrete  that 
is  homogeneous  and  impervious  to  water 
will  have  a  marked  effect  upon  the  spac- 
ing of  joints,  as  water  content  is  more  the 
cause  of  the  movement  in  concrete  than 
tlie  changes  in  temperature. 

Shonlder.H. — 'After  trying  both  gravel 
and  earth  shoulders  we  have  practically 
come  to  the  conclusion  that  for  double 
track  roads,  e^irth  shoulders  are  prefer- 
able. We  have  found  that  it  is  not  neces- 
sary to  lievel  off  the  edges  of  the  concrete 
ill  order  to  make  tiie  slioulders  stay  in 
))iace  and  now  merely  roimd  the  edges  to 
about  a  1-in.  radius. 

Following  Mr.  Kuelling's  paper, 
Frank  F.  Rogers*  presented  a  discus- 
sion in  which  he  made  a  report  of  a 
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further  census  of  defects  in  the  ear- 
lier Wayne  Co.  (Mich.)  roads.  The 
first  report"*  was  presented  at  the  con- 
vention of  the  American  Highway 
.\ssn.,  Detroit,  Oct.,  1913.  Mr. 
Rogers'  discussion  follows  in  part: 

Concrete  roads  are  no  longer  looked 
iijion  as  an  experiment,  and  deserve  seri- 
ous consideration  in  determining  the  type 
of  iiigiiway  which  is  to  be  built  whenever 
a  community  can  afford  to  expend  from 
$10,000  to  $15,000  a  mile  in  road  construc- 
tion. 

Concrete  roads  are  growing  in  popular- 
ity in  Mich.,  and  the  writer  believes  de- 
servedly so.  Up  to  Dec.  1,  1914,  104 
mi.  of  state  reward  concrete  road  had 
lieen  built  in  my  state  in  seven  counties, 
altlumgli  all  but  T  mi.  are  located  in  the 
Count}-  of  Wayne. 

The  writer  is  firmly  of  the  opinion, 
however,  that  the  first  few  miles,  say 
from  two  miles  to  five  miles  out  of  each 
large  market  town,  should  be  built  of  a 
more  permanent  type  of  road  than  is 
nsuallj'  chosen.  However,  such  catch 
])hrases  as  "The  best  is  not  too  good," 
and  "The  most  expensive  road  is  the 
cheapest  in  the  long  run,"  often  used  by 
road  promoters,  must  always  be  taken 
with  the  proverbial  "grain  of  salt"  for 
economic  reasons  which  are  obvious  to  the 
road  engineer. 

It  has  been  charged  by  some  opponents 
of  the  concrete  road  that  it  will  be  short 
lived  and  that  if  it  does  not  break  up 
under  traffic,  it  will  crack  so  badly  in  a 
few  years  by  action  of  the  elements  that 
it  cannot  possiblj'  be  a  long-lived  struc- 
ture. 

The  writer  became  convinced  several 
}ears  ago  that  a  well  built  concrete  road 
will  not  wear  out  under  heavy  country 
road  traffic  in  a  single  generation,  but 
was  not  so  certain  that  the  elements 
would  not  get  the  best  of  it  in  a  few 
years,  and  that  it  would  become  so  badly 
broken  up  that  it  would  have  to  be  re- 
built or   rejected   entirely. 

Accordingl}'  in  Sept.,  1913,  arrange- 
ments were  made  with  the  Road  Com- 
missioners of  Wayne  Co.  for  a  system- 
atic count  of  the  defects  in  every  slab 
covering  some  .30  miles  of  concrete  raod 
n  that  county.  This  was  done  with  a  view 
of  keci)ing  it  up  for  a  period  of  several 
}ears  for  tiie  purpose  of  making  a  rea- 
sonably accurate  estimate  as  to  the  prob- 
alile  life  of  such  roadways. 

Tlie  record  made  at  the  time  of  that 
count  was  tabulated  and  presented  by 
t!ie  writer  in  a  paper  on  concrete  roads 
before  the  American  Road  Congress  held 
in  Detroit,  Oct.,  1913.  A  second  count 
was  made  of  the  defects,  in  these  slabs 
one  year  later,  Sejit.,  1914,  and  I  wish  to 
make  a  brief  mention  of  the  result  of 
tiiis  second  count  at  this  time. 

Tbe  accompanying  table  reproduces 
the  old  table  to  tlie  extent  of  giving  the  lo- 
cation of  tiie  road;  numlier  of  25-ft.  sec- 
tions observed  on  each  road;  width  and 
depth  of  concrete;  aggregate  and  mix 
used;  year  built;  soil  built  on;  and  a 
traffic  record.  The  defects  are  classified 
as  longitudinal,  transverse,  and  diagonal 
cracks  and  iioles.  The  table  shows  the 
numlier  and  kind  of  defect  noted  in  each 
of  tlie  two  years;  the  total  number  of  de- 
fective slabs  at  each  count,  and  the  in- 
crease in  numliers  and  percentage  of  in- 
crease during  the  last  year. 

The  oldest   road  covered  by   these  ob- 

"Concretk-Cf.ment  .Agf,  Oct.,  191.3,  issue 
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servations  consists  of  ^09  sections  of  18- 
ft.  roadway  on  Woodward  avc,  built  in 
1909.  I.ast  year,  (il.7%  of  tiie  slabs  were 
defective  and  tliis  year  1-2.1%,  showing-  an 
increase  of  11%. 

This  is  the  oldest  road  and  shows  the 
greatest  percentage  of  defective  slabs,  but 
it  does  not  show  so  great  a  percentage  of 
increase  in  defective  slabs  as  do  some  of 
the  other  roads,  for  six  other  roads  show 
a  greater  percentage  of  deterioration, 
though  none  of  them  had  a  total  of  over 
49%  of  defective  slabs. 

It  might  be  argued  tliat  if  the  de- 
fects increase  on  this  Woodward  ave. 
Road  at  the  same  ratio  for  three  more 
years,  there  will  then  not  be  a  perfect  slab 
in  the  entire  pavement.  This  might  be 
true,  but  careful  examination  of  the  pres- 
ent condition  of  the  pavement  and  the 
methods  of  keeping  it  in  repair  will  read- 
ily convince  one  that,  even  if  every  sl-ab 
were  as  defective  as  the  worst  slab  is  to- 
aay,  the  pavement  would  still  be  good  for 
many  years. 

The  writer  is  pretty  well  convinced 
that  the  cracks  and  other  defects  noted 
thus  far  are  not  much  more  serious  than 
the  expansion  joints,  laid  transversely 
every  25',  for  every  year  the  transverse 
joints,  cracks  and  other  defects  are 
cleaned,  filled  with  a  very  heavy  grade  of 
refined  tar,  and  sanded.  This  treatment 
has  so  far  proven  such  an  excellent  pre- 
servative of  the  pavement  as  a  whole  that 
the  defects  noted  may  be  considered  more 
as  marring  the  appearance  of  the  pave- 
ment than  as  something  which  will  soon 
cause  its  destruction. 

Time  will  not  permit  a  more  extended 
study  of  this  table,  but  the  writer  is 
becoming  convinced,  even  at  the  pres- 
ent ratio  of  increase  in  the  defects  noted, 
that  if  the  present  methods  of  repairs 
are  maintained,  these  concrete  pavements 
will  last  as  long  as,  and  possibly  longer 
than  most  other  kinds  of  high  grade  pave- 
ments, and  that  they  really  have  proved  an 
economical  investment  for  the  county 
when  the  first  cost,  interest  on  the  invest- 
ment and  cost  of  repairs  are  all  consid- 
ered. 


Concrete  Anchor  Posts 

Among  the  new  things  to  be  seen 
ah)ng  the  river  front  in  Port  Clin- 
ton, Ohio,  is  a  concrete  ))ost,  wliich 
will  no  doubt  beeonie  very  ])0|)iilar 
after  onee  being  introduced  in  the 
marine  centers. 

This  post  is  made  solid  in  a  steel 
or  galvanized  iron  case  about  2  ft. 
high  and  1  ft.  across  the  top.  The 
foundation  is  made  of  several  hun- 
dred pounds  of  concrete  and  built 
about  10  ft.  from  the  water's  edge, 
thus  giving  the  laborers  a  chance  to 
work  at  the  boats  alongside  of  the 
dock  and  being  out  of  the  way.  The 
steel  casing  makes  it  impossible  for 
the  rope  to  wear  away  the  post,  as 
in  the  case  of  wood,  and  there  is  no 
deterioration  from  rotting.  The  con- 
crete post  will  cost  a  little  more  than 


the  wood  in  first  cost  but  will  be 
cheaj)er,  as  it  will  require  no  replac- 
ing or  upkeep.  The  Mathews  Boat 
Co.  originated  the  new  post  and  has 
found  it  to  b(;  very  satisfactory. 


In  pouring  slabs  tlie  full  thickness 
must  be  placed  in  one  continuous  op- 
eration, as  work  should  never  be 
stopped  off  at  horizontal  planes.  If 
possible,  slab  and  beam  should  be 
made  monolithic.  After  the  floor 
slabs  have  begun  to  harden,  they 
should  not  be  walked  on  or  wheeled 
over  for  some  time  after  placing,  as 
otherwise  their  strength  is  seriously 
injured.  If  traffic  over  them  is  un- 
avoidable, boards  should  be  provided 
for  the  purpose  of  distributing  the 
weights. 


Concrete  Axchor  Posts,  Port  Clinton,  Ohio 
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above  and  in  the  corner  column  of  the 
porch  note  the  contrasting  tones  of 
two  different  block  faces  and  the 
system  of  laying. 


Canvas  painted  with  linseed  oil 
has  been  recommended  as  a  cover  for 
rough  forms.  It  is  waterproof  and 
would,  therefore,  not  absorb  water 
from  the  concrete ;  it  would  also  pre- 
vent the  leakage  of  the  liquid  mortar 
that  occurs  at  cracks  or  joints  in  the 
wooden  forms.  It  would  probably 
be  economical  for  the  reason  that  it 
does  not  require  planed  boards  in  the 
forms  and  it  could,  no  doubt,  be  used 
repeatedly.  It  would  further  help  to 
keep  the  frost  out  of  the  concrete. 


Fio»  Iv-CoTTAGE  Built  by  R.  H.  Bushxeli,,  Poughkeepsie.  N.  Y.,  at  a  Cost  for  Con 
CRETE  Work  ik  Basemext,  Upper  Wali^  and  Porch,  of  $1,300 


Attractive  Concrete  Block  in 
4.   Poughkeepsie  House 

The  concrete  cottage  "Grej"  Hook" 
illustrated  is  in  Poughkeepsie,  N.  Y. 
TIjie  concrete  work  erected  cost 
$1,200.  The-felock  used  are  of  the 
two-lug  type,  like  those  used  in  the 
house  at  Mooseheart,  111.,  described 
elsewhere  in  this  issue,  but  these 
were  made  in  home-made  wood  molds. 
They  are  3"  thick  on  the  face  with 
5-iii.^-lugs.  The  house  was  built  un- 
der the  direction  of  R.  H.  Bushnell 
for  his  own  occupancy  but  was  later 
sold. 

An  interior  view  of  the  wall  under 


construction  is  shown  in  Fig.  3.  This 
view  shows  the  plugs  to  which  furr- 
ing strips  were  attached. 

The  basement  walls  are  13"  thick, 
of  two-piece  block;  basement  parti- 
tions are  6"  thickr 

Figs..  4  and  5  show  wall  surface 
detail.  'Block  have  a  scrubbed  sur- 
face, exposing  aggregates.  A  vari- 
ety in  the  aggregates  seems  in  excel- 
lent taste.  Note  the  coarse  texture 
of  the  basement  wall  in  the  lower 
part  of  Fig.  5  and  the  finer  texture 


Fic_  3 — Interior  View  of  Block  Wall 
Under  Construction 


:^ 


I 


?23«0/  /0^2G 


Fig.  2 — First  Fi.oou  Plax  of  Poigiikeep- 
8IE  House 
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Figs   4  axd  5— Detail  ui   I'oucii  Column  With  a  Gitmpse  of  Concrete  Porch  Bal- 
usters and  a  Detail  of  Wall  at  Chimney,  Showing  Contrasting  Surface  Finishes 
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The  Concrete  Fence  Post  Factory   of  the   C. 
&  Q.  R.  R.  Co.,  Havelock,  Neb. 


B. 


By  W.  W.  Eldridge^ 


The  manufacture  of  concrete  fence 
posts  has  been  taken  up  quite  exten- 
sively by  the  Chicago,  Burlington  & 
Quincy  R.  R.  Co.  with  a  view  of 
eliminating  the  wooden  post  for 
right-of-way  fence  as  much  as  possi- 
ble. The  rapid  depletion  of  our  for- 
ests has  awakened  the  farsighted 
consumer  of  large  quantities  of  fence 
posts  to  the  necessity  for  a  suitable 
substitute  for  the  wooden  post.  There 
are  a  number  of  designs  of  steel  posts 
bidding  for  public  approval,  but  they 
are  not  yet  commonly  accepted  as  a 
fitting  substitute ;  hence  the  concrete 
post  is  rapidly  gaining  favor  as  a 
suitable  product  to  fill  the  vacancy 
caused  by  the  passing  of  the  wooden 
fence  post. 

It  is  generally  acknowledged  that 
concrete  posts  are  not  so  strong  as 
wooden  posts ;  however,  this  does 
not  necessarily  detract  from  the  qual- 
ities of  the  concrete  post  for  the  rea- 
son that  it  is  generally  conceded  that 
they  are  sufficiently  strong  for  the 
purpose  for  which  they  are  intended, 
while  the  wooden  posts  are  conceded 
to  be  of  greater  strength  than  is 
necessary.  It  is  also  a  well  known 
fact  that  concrete  posts  increase  in 
strength  with  age,  while  the  wooden 
post  decreases  in  strength  each  year, 
due  to  the  action  of  the  soil  and  ele- 
ments which  propagate  fungus 
growths  that  are  a  constant  drain  on 
its  vitality  and  eventually  cause  de- 
cay. 

On  the  Burlington  we  are  using  the 
National^  post  machine.  This  ma- 
chine was  purchased  by  us  in  1909 
and  installed  at  Montgomery,  111. ; 
however,  in  the  first  year  the  manu- 
facture was  not  pressed  to  any  great 
extent.  In  the  year  1911  this  ma- 
chine was  removed  to  Havelock, 
Nebr.,  where  it  is  still  in  operation, 
the  annual  output  averaging  100,000 
posts.  This  plant  is  under  the  direct 
supervision  of  our  general  store- 
keeper and  the  output  controlled  by 
him.  The  plant  is  operated  through- 
out on  a  piece  work  basis,  the  Divi- 
sion Storekeeper  at  Havelock  having 
full  charge.  Sufficient  ground  space 
has  been  allotted  and  permanent 
buildings  erected  and  equipped  with 
such  facilities  as  will  permit  of  the 
greatest     efficiency,     under     existing 

^General  Piece  Work  Insp.,  Store  Dept. 
^National  Concrete  Mchy.  Co.,  Madison,  Wis. 
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local  conditions,  at  the  least  possible 
cost  to  manufacture. 

Fig.  1  shows  a  detailed  plan  of  the 
plant.  The  building  proper  is  a 
frame  structure  28'  6"  wide  by  175' 
long.  As  will  be  noted,  this  building 
consists  of  two  compartments,  one 
being  the  machinery  room  and  empty 
form  storage,  Q5'  long,  and  the  other 
the  seasoning  room,  80'  long.  The 
seasoning  room  is  equipped  with 
susitable  racks  against  which  to  lean 
the  full  forms  while  the  posts  are 
seasoning  sufficiently  to  be  removed 
from  the  forms.  The  floor  of  the 
building  is  earth  fill  covered  with 
cinders,  except  the  cement  storage 
rooms  and  a  portion  of  the  machinery 
rooms,  which  have  a  concrete  floor. 
Around  the  inside  of  the  building  are 


k 
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Fig.  1 — Plan  of  Fence  Post  Factory 

1,  boiler;  2,  engine;  3,  hopper  and  feeder; 
4,  mixer  and  filler;  5,  form  straightener; 
6,  form  cleaner;  7,  reinforcing  bench; 
8,  pin  rack;  9,  empty  form  storage;  10, 
reinforcing  storage;  11,  turntable 


Fig.  2 — iMixixg  and  Filling  Apparatus 

heating  coils  (consisting  of  6  pipes, 
1^/4'')  i^^  order  that  the  process  of 
manufacture  may  be  successfully  car- 
ried on  in  the  winter  months.  Fig.  1 
shows  the  relative  position  of  the 
necessary  machinery  as  follows:  I 
upright  boiler,  1  vertical  engine,  1 
hopper  and  feeder,  1  mixing  and 
filling  machine,  1  form  straightener, 
1  form  cleaning  bench,  1  reinforce- 
ment bench,  1  bin  rack. 

The  hopper  and  feeder  and  the 
mixing  and  filling  equipment  are  part 
of  the  fence  post  outfit.  The  form 
straightener,  cleaning  bench  and  pin 
rack  were  locally  made  for  the  Have- 
lock factory.  The  form  straightener 
consists  merely  of  a  piece  of  round 
iron  which  is  passed  through  the  post 
form  so  that  dents  may  be  taken  out 
by  means  of  a  hammer. 

No  doubt  the  most  economical  man- 


Fig.  3 — Posts  and  Forms  Showing 
Punching  for  Insertion  of  Pins 
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Fig.  4 — Storage  Pile  Coxcrete  Posts 

ner  of  operating  a  plant  of  this  kind 
is  with  a  gasoline  engine,  but  in  our 
case  the  plant  is  isolated  and  such  a 
great  distance  from  our  shop  power 
house  it  has  not  been  considered  an 
economical  proposition  to  pipe  the 
steam  such  a  distance;  hence  in  order 
to  insure  radiation  during  the  fall 
and  winter  months,  to  protect  and 
season  the  posts,  it  became  necessary 
to  install  an  upright  boiler  in  prefer- 
ence to  a  gasoline  engine.  This  boil- 
er furnishes  all  the  steam  for  the 
operation  of  the  machinery  in  addi- 
tion to  that  required  for  radiation. 
The  foreman  of  the  jjlant  is  the  en- 
gineer as  well. 

It  will  be  noted  that  the  plant  is 
equij)ped  with  a  narrow-gauge  car 
track,  running  from  the  mixer  and 
filler  through  the  entire  length  of 
the  building  and  outside  to  the  ex- 
treme end  of  the  storage  yards  on 
either  side  of  it.  Broad-gauge  tracks 
are  also  located  on  either  side  of  the 
plant  and  storage  yards  so  that  the 
posts  may  be  loaded  for  shipment  di- 
rect from  the  storage  piles.  Two 
thousand  ])ost  molds  have  been  pro- 
vided in  order  that  the  posts  may  re- 
main in  the  forms  or  molds  long 
enough  to  season  to  a  point  where 
they  can  be  removed  with  safety. 

The  com])lete  working  force  of  the 
plant  is  as  follows:  1  foreman  and 
engineer,  1  man  wheeling  sand  to  the 
hopper,  1  man  feeding  hopper  with 
sand  and  cement,  1  man  operating 
mixer  and  filling  machine,  1  man  set- 
ting empty  forms  in  machine  and 
taking  out  full  forms,  1  man  taking 
full  forms  from  the  filling  machine 
to  the  seasoning  room,  1  man  cleaning 
forms,  1  man  making  and  placing  re- 
inforcement, 2  men  setting  pins  and  .3 
men  taking  posts  out  of  forms  and 
.storing  them. 

We  have  experimeted  with  different 
reinforcement,  viz:  sheet  iron,  five- 
wire  and  six-wire,  and  laboratory 
tests  which  have  been  made  of  the  fin- 
ished product  show  the  posts  with 
the  six-wire  reinforcement  to  be  the 
strongest,  hence  we  have  adopted  this 
as  standard. 

We   have    also    experimented    with 

[100] 


several  ingredients  in  order  to  obtain 
the  best  mixture  possible  consistent 
with  a  reasonable  cost  per  post,  such 
as  screened  gravel,  stone  dust  and 
clean,  sharp,  washed  sand.  The  result 
of  our  experiments  has  been  that  the 
washed  sand  mixture  gave  us  a  post 
of  greater  tensile  strength  than 
either  of  the  other  ingredients.  We 
are  using  a  1  :t  mixture,  or  approxi- 
mately 7  sacks  of  cement  to  1  cu.  3'd. 
of  mixture. 

The  post  which  we  are  making  is 
7'  long  with  a  3l/'2-in.  top  and  4^/^- 
in.  butt,  and  has  13  pin  holes  so  as  to 
permit  of  the  application  of  any  one 
of  several  different  styles  of  fence 
which  we  use.  The  pin  holes  are 
made  with  a  steel  pin  ^/4"  in  diameter 
on  one  end  and  %"  on  the  other  with 
a  shoulder  or  offset  between  the  two 
diameters.  These  pins  are  made  in 
various  lengths  so  that  the  shoulder 
offset  in  each  hole  will  be  the  same 
distance  from  the  outside  surface  of 
the  post.  The  object  of  this  shoulder 
is  to  hold  the  wire  fastener,  which  in 
our  case  is  a  common  lOd  wire  nail, 
the  head  of  the  nail  resting  against 
the  shoulder  to  jjrevent  it  pulling 
through  the  post,  and  the  point  being 
twisted  around  the  wire.  A  suitable 
tool  is  provided  for  applying  this 
style  of  fastener.  We  have  found 
this    fastener    verv    satisfactorv    and 
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prefer  it  to  any  other  fasteners  which 
have  so  far  come  to  our  notice. 

In  the  operation  of  the  plant  each 
mold  is  cleaned  and  oiled  each  time 
it  is  filled  to  insure  a  smooth  surface 
on  the  post  and  to  prevent  the  con- 
crete from  sticking  to  the  molds.  The 
empty  molds  pass  first  to  the 
straightener,  providing  they  need  re- 
pairs ;  from  here  they  pass  to  the 
cleaning  and  oiling  bench,  then  to 
the  reinforcement  bench,  where  the 
reinforcements  are  inserted  in  the 
molds,  and  then  to  the  pin  bench, 
where  the  j)ins  are  properly  placed. 
The  molds  are  then  ready  for  filling 
and  are  passed  to  the  filling  machine. 

The  sand  is  unloaded  just  outside 
the  building  by  means  of  a  Gantry 
crane  and  clamshell  at  a  very  small 
cost.  This  sand  is  then  wheeled  into 
the  building  as  required  and  dumped 
on  the  floor  in  front  of  the  hopper. 
The  man  in  charge  of  the  hopper 
feeds  the  sand  and  cement  into  separ- 
ate hoppers.  The  mixture  is  regu- 
lated by  means  of  a  winding  shaft  or 
worm  gear  to  the  proper  proportions 
of  each  ingredient.  From  the  hopper 
the  dr}^  mixture  is  conveyed  into  the 
mixer  and  filling  machine  by  an  end- 
less chain  fitted  with  elevator  buckets. 
The  man  in  charge  of  the  mixture 
sees  to  it  that  the  ingredients  are 
properly  mixed,  after  which  the  mix- 
ture is  fed  into  the  molds,  and  while 
being  filled  the  molds  are  violently 
agitated  to  insure  the  proper  density. 

After  being  filled  the  molds  are  re- 
moved from  the  machine  and  placed 
on  a  narrow-gauge  rubble  car  in  a 
vertical  position — the  car  being 
equipped  with  a  rack — and  taken  to 
the  seasoning  room.  As  soon  as  the 
concrete  has  set  sufficiently  to  permit 
the  pins  to  be  withdrawn  without 
distorting  the  holes,  this  is  done.  The 
posts  are  then  allowed  to  remain  in 
the  molds  from  30  hrs.  to  60  hrs., 
depending  upon  weather  conditions, 
to  permit  the  concrete  to  harden,  and 
are  then  removed  from  the  molds  and 
taken  to  the  storage  piles  on  rubble 
cars  to  finish  seasoning.  While  pass- 
ing through  the  seasoning  stage  in 
the  storage  yard  the  posts  are 
sprinkled  once  or  twice  daily  for  a 
week  to  prevent  them  from  checking 
and  to  assist  in  the  final  seasoning. 
This  is  important. 

The  plant  has  a  capacity  of  10,400 
posts  per  mo.  of  26  working  das. 
when  working  10  hrs  per  da.  It  is 
not  advisable  to  operate  the  machine 
at  too  great  a  speed,  for  in  so  doing 
the  ingredients  will  not  be  properly 
mixed,  neither  will  the  proper  den- 
sity of  the  mixture  in  the  molds  be 
possible.  An  output  of  40  posts  per 
hr.  will  insure  good  results.  The  ac- 
e()m])anying  illustrations  show  the 
post  in  detail;  the  kind  of  molds,  as 
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also  the  manner  of  storing-  for  fin;il 
seasoning.  Eacli  tier  is  stripped  to 
allow  free  circulation  of  the  air  on 
all  sides  of  the  posts  so  that  the  sea- 
soning will  be  uniform.  The  longer 
the  posts  are  allowed  to  season  the 
better,  and  in  no  case  should  they 
be  handled  in  less  than  60  das. 

In  connection  with  the  manufac- 
ture of  the  standard  fence  post  we 
are  also  making  a  combination  corner 
and  gate  post  and  a  brace,  as  shown 
in  the  accompanying  illustration. 
Two  1-in.  pipe  ferrules  are  inserted 
in  the  post  for  the  application  of  the 
gate  hinges.  These  corner  and  gate 
posts  are  well  adapted  for  the  pur- 
pose for  which  they  are  intended ; 
however,  on  account  of  their  bulk  and 
cost  to  manufacture  they  are  not  en- 
tirely satisfactory',  but  not  having 
knowledge  of  any  other  style  of  cor- 
ner and  gate  post  that  is  suitable  and 
can  be  produced  for  less  money,  we 
must  be  contented  for  the  time  being. 
We  are  making  further  experiments 
on  corner  and  gate  posts  which  we 
hope  will  be  productive  of  good  re- 
sults. 

In  setting  posts  along  the  right  of 
way  we  experienced  considerable  dif- 
position  in  soft  and  swanipy  ground, 
ficulty  in  getting  them  to  hold  their 
hence  it  became  necessary  to  provide 
something  that  would  hold  them  in 
place,  and  we  are  making  a  concrete 
post  anchor  for  this  purpose.  This 
anchor  has  a  tapered  hole  of  the  same 
taper  as  the  post,  is  Q"  thick  by  10" 
X  12".  The  size  of  the  hole  is  such 
that  when  the  anchor  is  slipped  over 


the  top  of  the  post  it  comes  to  rest  at 
a  ))oint  just  below  the  ground  line. 
This  anchor  has  proven  very  satisfac- 
tory for  this  purpose. 

^Materials  necessary  to  make  100 
posts  are:  19.8  sacks  of  cement,  2. .3 
cu.  yds.  washed  sand,  100  six-wire 
reinforcements. 

The  following  result  of  laboratory 
test  can  be  made  on  posts  with  dif- 
ferent reinforcement  is  also  quite  in- 
teresting. 

It  is  commonly  conceded  that  the 
average  life  of  a  cedar  fence  post  is 
15  years,  and  while  we  know  of  no 
concrete  posts  that  have  been  made 
long  enough  to  give  definite  figures, 
at  the  same  time  it  is  claimed  that  a 
conservative  estimate  of  the  life  of  a 
concrete  post  would  be  40  years,  and 
that  being  the  case  it  will  be  readily 
seen  that  the  concrete  post  is  an 
economical  proposition  even  at  an  in- 
creased first  cost  of  15%  to  18%. 
Posts  are  costing  us  21  cts.  each  in 
the  storage  pile. 

A  plant  as  described  above  can  be 
erected  and  equipped  for  approxi- 
mately $6,500,  exclusive  of  the  land 
and  crane.  A  crane  is  not  necessary 
for  the  operation  of  a  post  factory, 
but  as  we  have  one  convenient  for 
handling  concrete  piling  and  slabs  we 
utilize  it  for  unloading  sand  for  mak- 
ing fence  posts. 


Concrete  at  the  Scene  of  War 

One  of  the  most  interesting  devel- 
opments of  the  European  battle  field 
is  the  constant  use  of  concrete  in  its 


Test 

OF  Concrete  Posts — Sheet 

Iron  vs. 

Wire  Reinforcement 

Post  No 

1 

2 
nforced 

3 
with  six 

4 
wires 

5                6 
Marked 

7 
Mark 

8 

Description 

Reii 

:ed 

.162" 

in  diam. 

Reinforced 

I  with 

Reinforced  with 

No.     24     ( 

corru- 

No.     26 

corni 

sated  sheet  iron 

gated  sheet  iron 

Thickness 

.022" 

Thickness 

1     .022" 

to  .024" 

-.023" 

Date   made    

8-31-12 

8-31-12 

8-31-12 

Date  tested   

12-11-12 

12-11 

-12 

12-11 

-12 

Age    

102  das. 

102  das. 

102  das. 

lbs.  oz. 

lbs.  oz. 

lbs.  oz. 

lbs.  oz. 

Wt.   reinforcement    . 

2  lbs.  1414  ozs. 

4     4 

4     5 

3  131/2 

4     51/2 

Wt.    in    lbs 

.  .  .     81^/2 

831/2 

79 

831/2 

86 

81 1/2 

84 

811/2 

Diam.  at  bottom 

.  ..      4% 

4% 

4% 

4% 

4% 

4y2 

478 

4% 

Diam.   at  top 

...3  5-16 

3  11-32           31^ 

3  5-16 

3  5-16 

3  5-16 

3  5-16 

3% 
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.13 
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.36 
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.823 
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.573 
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.74 
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.87 

.58 
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.853 

.70 

1.00^ 

.63 

800 

.76 

.71 

850 

.87 

.78 

900 

.89 

950 

1.01 

Failed   at    (lbs.) 

800 
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790 

990 

600 

550 

390 

500 

various  forms  by  the  two  contesting 
armies.  Hardly  an  account  of  a  bat- 
tle comes  but  contains  some  account 
of  the  use  of  concrete.  Here  and 
there  foundations  for  guns  are  dis- 
covered to  have  been  built  years  be- 
fore the  war  in  advantageous  posi- 
tions to  enable  the  Germans  to  mount 
their  great  guns  in  convenient  ])oints. 
In  other  places  it  is  found  that  guns 
are  dragged  to  the  front  of  the  battle 
line  an;  ra))idly  mounted  upon  foun- 
dations built  of  concrete  made  with 
quick-setting  cement.  The  trenches, 
too,  are  not  free  from  cement,  as  the 
accounts  of  the  men  living  from  day 
to  day  in  these  trenches  contain  also 
accounts  of  the  use  of  concrete  to 
fortify  the  trenches  and  make  them 
dry  for  the  soldiers  at  the  front. 
Large  orders  for  cement  have  been 
in  the  market  in  Euroj^e  for  all  the 
battling  armies  and  no  army  is  con- 
sidered properly  provided  that  has 
not  its  cement  supply  ready  for  work 
at  a  moment's  notice.  Where  "Old 
Hickory"  battled  with  the  English 
behind  ramparts  made  of  bags  filled 
with  sand  and  bales  of  cotton,  the 
modern  soldier  is  protected  by  con- 
crete in  his  trenches  and  when  all 
remedies  fail,  carloads  of  cement 
are  rapidly  emptied  and  the  cement 
in  sacks  is  piled  in  front  of  the  sol- 
dier and  protects  him  from  the  ene- 
mies' fire. 
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One  of  the  results  of  the  better 
construction  of  concrete  roads  and 
the  increased  knowledge  in  connec- 
tion with  their  building  is  brought 
out  in  a  recent  article  in  the  Chicago 
Tribune.  It  appears  that  a  firm  of 
contractors  had  been  employed  to 
construct  three  miles  of  concrete  road 
on  Archer  Ave.,  one  of  the  Illinois 
state  aid  roads.  The  county  super- 
intendent of  highways  refused  to  ac- 
cept the  road  on  the  ground  that  the 
contractors  had  failed  to  stop  work 
on  the  road  after  being  ordered  to 
discontinue  when  cold  weather  ar- 
rived. When  the  order  was  given  to 
stop  work  on  all  concrete  roads,  there 
were  only  1,500'  of  the  three  miles 
in  question  remaining  to  be  complet- 
ed. Of  the  concrete,  but  400'  of 
road  was  constructed  on  frozen 
ground  and  it  was  for  this  reason 
that  the  superintendent  declined  to 
accept  the  work  and  very  properly, 
too,  for  certainly  road  construction 
on  frozen  ground  is  worse  than  no 
construction  at  all.  Years  ago,  be- 
fore the  diffusion  of  knowledge  in 
connection  with  the  proper  construc- 
tion of  concrete  roads,  work  of  this 
kind  would  have  been  accepted  and 
the  results  as  usual  blamed  upon  con- 
crete. Nowadays,  things  are  dif- 
ferent and  with  greater  knowledge 
produced. 
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Brushed  Concrete  Balustrade  Along  Erie  Canal, 
Rochester,  N.  Y. 


Fig.  1 — Snows  Forms  in  Place  for  Base  Rail  of  Balustrade 


sand  and  1  part  of  Cayuga  Portland 
cement.  The  base  rails  and  the  top 
rails  were  made  in  wooden  forms 
which  were  oiled  before  being  filled 
with  concrete. 

On  account  of  the  extremely  hot 
weather  wlien  the  work  was  done,  the 
contractors  did  not  place  the  concrete 
in  the  forms  until  late  in  the  after- 
noon. In  the  moi*ning  the  forms  are 
removed  and  the  work  scrubbed  with 
steel  brushes.  It  was  necessary  that 
the  scrubbing  should  be  done  immed- 
iately after  the  forms  were  removed, 
as  the  surface  hardened  quickly  when 
exposed  to  sun  and  air.  The  work 
was  first  scrubbed  dry  to  remove  any 
rough  parts  from  the  surface  and 
then  were  scrubbed  wet.  In  order  to 
complete   the   scrubbing   as   soon   as 


The  accompanying  illustrations 
show  the  balustrade  under  construc- 
tion and  completed  in  South  avenue, 
Rochester,  N.  Y.,  along  the  bank  of 
the  Erie  canal. 

There  are  400'  of  this  construction 
consisting  of  pre-cast  balusters  and 
cast-in-place  top  and  bottom  rails, 
all  with  brushed  finish. 

The  spindles  were  made  in  cast 
iron  molds  made  especially  for  the 
job.  and  contain  4  parts  of  Hard- 
wick,  Vt.,  granite,  1   part  of  washed 


Fio.  2 — Shows  Forms  for  Top  Raii^s 

The  round  irons  show  how  the  bahistrades 
are  fastened  into  the  top  rail.  The  irons 
are  later  filled  with  concrete.  Note  strips 
of  wood  between  alternate  spindles  for 
blocking;  the  cracks  and  little  openings 
in  wood  are  filled  with  clay  to  prevent 
concrete  from  running  onto  the  finished 
work  below 
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Fig.  3 — Snows  Base  Rail  Compij:te  and  the  Balusters  in  Position,  and  the  Bot- 
tom OF  One  Post,  Showing  the  Iron  Anchor 

Fig.  4 — Shows  Section  of  Balustrade  After  Removal  of  Forms,  Also  Shows  Rein- 
forcement Used 

Fig.  5 — Shows  Work  at  Same  Stage  as  Fig.    1  from   Different  Position  and  One 
Post  Complete 
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Fig.  6 — ^Shoavs  Fixished  Balustrade  frojm  Sidewalk,  Bush-hammered 


tlirougli  tlif;  op))ositf  tiid  to  a  water- 
ing trough,  wlicrc  all  the  stock  is  wa- 
tered. In  this  manner,  fresh  water  is 
pumped  into  the  cooler  at  nearly  all 
hours  of  the  day,  and  the  milk,  cream 
and  other  products  are  kept  from 
spoiling. 

The  cooler  required  IV2  bbls.  of 
Portland  cement  at  a  cost  of  $1.5.7 
per  bbl.  and  1  ton  of  sand  at  75  cts. 
per  ton.  The  forms  were  made  from 
old  lumber.  A  shed  will  be  erected 
over  the  cooler,  thus  affording  pro- 
tection from  the  weather. 


Fig.  7 — Finished  Balustrade,  Vieav  from  Across  the  Canal 


possible  it  was  necessary  to  place  an 
extra  force  on  this  particular  work. 
The  scrubbing  of  the  surface  of  the 
rails,  cost  about  21/2  cts.  per  sq.  ft. 
but  four  men  could  make  and  scrub 
only  10  of  the  spindles  in  a  day. 
After  scrubbing  and  when  hard  the 
base  and  the  rail  were  bush-ham- 
mered.  This  was  done  a  week  after 
scrubbing.  This  final  finish  brought 
out  the  granite  effect  and  this  cost  1 5 
cts.  per  sq.  ft. 

The  contractors  experienced  no 
trouble  from  cracking  between  the 
spindles  and  the  top  rail,  with  but 
one  exception,  where  the  steel  rein- 
forcement of  the  rail  extended  into 
the  post,  resulting  in  a  crack  in  the 
center  of  the  top  rail.  This  trouble 
was  eliminated  in  the  next  section  of 
rails  by  running  the  steel  reinforce- 
ment up  to  the  post  and  placing  two 
layers  of  tar-paper  between  the  rails 
and  the  post  for  the  purpose  of  tak- 
ing care  of  expansion. 

The  work  was  done  by  Whitmore, 
Rauber  &  Vicinus,  contractors, 
Rochester,  and  the  data  are  supplied 
by  Mr.  Rauber. 


Care  must  be  taken  to  prevent  work 
from  being  thrown  out  of  plumb  by 
swelling  of  lumber  in  forms.  If 
the  forms  spring  out  of  place  the 
concrete  may  flow  out  and  be  wasted ; 
and,  at  best  any  springing  of  the 
forms  will  injure  the  appearance  of 
the  surface  oif  the  finished  structure. 
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A  Concrete  Cooling  Box 

A  simple  and  inexpensive  conven- 
ience on  the  farm  having  no  cellar  is 
a  cooling  box  made  of  concrete. 
Paul  Roeder,  Rocky  Ridge,  Ohio,  has 
constructed  one  which  is  proving  a 
success  and  several  of  his  neighbors 
are  following  his  example. 

The  cooler,  shown  in  the  accom- 
panying illustration,  is  8'  long,  3' 
wide  and  2'  deep,  with  walls  4"  thick. 
At  each  end  is  an  opening  for  a  water 
pipe  about  6"  from  the  top.  Water 
from  a  pump  is  run  into  the  tank  and 
when  filled  to  the  overflow,  it  passes 


Surface  Imperfections 

Imperfections  in  the  exposed  sur- 
faces of  concrete  are  usually  due  to 
one  or  more  of  10  well  known  causes, 
as  follows: 

(1)  Variations  in  the  nature  of  the 
cement,  sand  or  stone; 

(2)  Lack  of  uniformity  in  the 
amounts  of  ingredients  in  each 
batch ; 

(3)  Insufficient  mixing  in  any  or  all 
batches  of  concrete ; 

(■l)  Lack  of  care  in  placing  the 
concrete  next  to  the  molds ; 

(5)  Lack  of  proper  protection  in 
placing  concrete ; 

(6)  Efflorescence  and  discoloration 
of  the  surface ; 

(7)  Unsightly   construction  joints; 

(8)  Imperfectly  made  forms; 

(9)  Dirt  on  the  forms; 
(10)   Adhesion  of  forms. 


The  ends  of  reinforcing  bars  which 
are  left  protruding  for  splicing 
should  be,  if  they  are  not  likely  to 
be  connected  up  for  some  time,  paint- 
ed with  some  paint  to  diminish  rust- 
ing and  to  guard  against  being  bent 
or  loosened. 


A  Simple  and  iNEXPENsm:  Concrete  Cooling  Box 
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New  Equipment,   Methods  and  Materials  : 

New  Tools  with  Which  the  Industry  Works  n  n 


The  progress  of  the  Concrete  Field  is  measured  by  the  development  of  its  tools.  Manufactur- 
ers are  constantly  producing-  new  and  better  methods,  materials  and  machines.  These  are  of  real 
interest  to  those  men  who  want  to  improve  the  quality  of  their  work,  decrease  its  cost,  increase  its 
quantity.     Here  are  published  descriptions  of  recent  developments  in  the  field.  n  n 


Construction  of  S  a  n  i  t  a  r  y 
Mangers  in  Dairy  Barn  at 
Troy,  Pa. 

There  has  been  recently  completed 
at  Troy,  Pa.,  a  large  L-shaped  dairy 
barn,  70'  x  102'  in  plan,  wherein 
sanitary  mangers  have  been  installed, 
as  shown  in  Fig.  1.  The  entire  floor 
is  of  concrete,  mixed  in  the  propor- 
tions of  1:2:1.  The  method  of  con- 
struction is  described  as  follows: 

LOCATING    FLOOR    LEVELS 

The  floor  levels  were  first  estab- 
lished, and  the  ground  leveled  off  or 
filled  up  to  correspond  with  these 
grades,  but  about  6'  in.  below  the  fin- 
ished floor  levels.  Care  was  taken 
not  only  in  getting  the  proper  drain- 
age of  the  mangers  and  gutters,  but 
also  in  getting  the  proper  grades  to 
corres|)ond  with  the  outside  ap- 
proaches. 

Fig.  2  shows  a  partial  cross-section 
of  tlie  floor.  It  will  be  noted  that  the 
litter  alley  floor  on  which  the  cows 
must  travel  to  and  from  the  stalls  is 
practically  on  a  level  with  the  door 
sills  over  which  the  cows  must  pass. 
It  has  a  slight  slope  toward  the  gut- 
ter. 

Stakes  similar  to  the  one  shown  in 
Fig.  'i  were  used  in  leveling  the 
ground,  the  notches  corres])onding 
with  the  different  levels.  They  were 
set  in  rows  about  20'  apart  across  the 
stable  floor  with  three  or  four  stakes 
in  a  row,  equally  spaced.  Lines 
stretched  on  these  stakes  were  held 
securely  in  place  by  tlu;  notches.  If 
j)referred,  the  notches  can  be  sawed 
in  the  stakes  after  they  are  driven, 
care  being  taken  to  mark  and  saw  the 
notches  the  right  distances  apart. 
]\Iarks  may  also  be  made  on  the  walls 
to  assist  in  g(  ttiiig  the  levels. 


Fio.  1 — Saxitauy  Cow  Staiis  axd  Maxgers  Erected  at  Trov,  Pa. 


SETTIXG    UP    THE    STALLS 

The  sections  of  the  top-rail  of  the 
stalls  were  first  connected  to  the  stall 
posts  and  then  to  the  stall  partitions. 
The  lower  ends  of  the  stall  posts 
were  set  t"  below  the  level  of  the  fin- 
ished stall  floor,  and  the  lower  end  of 
the  stall  partitions  5"  below  this 
level,  as  shown  in  Fig.  t.  Where  the 
dirt  level  was  correct  the  stall  parti- 
tions were  blocked  up  1"  and  the 
stall  posts  2",  otherwise  thicker 
blocking  of  pieces  of  tile  or  flat  rock 


had  to  be  resorted  to.  A  chalk-line 
was  now  stretched  along  one  side  of 
the  row  of  stalls  nearest  the  lower 
end  of  the  posts,  which  were  adjusted 
to  this  line.  The  stall  posts  were 
then  plumbed  in  both  directions,  and 
the  top  rail  made  level  with  the  drain- 
age gride  of  the  manger.  The  coup- 
lings were  then  tightened  up,  and 
three  or  four  shovelfuls  of  cement 
mortar  were  j)laced  around  the  lower 
end  of  each  stall  j)artition  and  every 
second  or  third  stall  post  and  allowed 
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Fig.  3 — Setting  Grade   Stakes 


to   set  sufficiently  to  permit  holding      t-       ^     t-  t^        ^ 

,,  ■     1  .  1  1     1         ,1  I'IG.    6 — rORMS    FOR    h,XD    CuRB 

them   accurately   in   place   while   the 
concrete  was  being  put  in. 

CONSTRUCTING  THE  MANGER  CURB 

Before  putting  in  the  forms  for  the 
manger  curb,  care  was  taken  to  see 
that  all  drain  tiles,  water  supply 
pipes  and  other  pipes  which  were  to 
be  set  in  the  concrete  were  in  proper 
place  and  successfully  tested  out. 

Form  boards  for  the  liigh  cut-out 
curb,  shown  in  Fig.  5,  were  then  set 
up,  using  either  boards  \S"  .or  \o^/-2'' 
wide,  two  7-in.  boards  or  one  6-in. 
and  one  8-in.  board,  which,  when 
placed  together,  would  be  at  least 
13''  wide.  Inch  lumber  was  largely 
used.  The  stakes  were  about  2"  x 
2"  and  2'  6"  long. 

These  boards  were  set  on  each  side 
of  the  stall  posts,  as  shown  in  Fig. 
4,  and  a  curb  gauge  placed  at  every 
post,  being  fastened  with  nails  or 
screws  to  the  upper  edges  of  the 
boards,  as  shown.     These  gauges  held 


Fig.  7 — Sketch  Showixg  Method  of  Set- 
ting Templates  for  Manger  Construc- 
tiox 

the  boards  at  equal  distances  on  each 
(5"  in  the  clear),  and  they  also  held 
the  board  at  equal  distances  on  each 
side  from  the  stall  posts,  requiring 
no  measuring  and  saving  the  cutting 
of  cleats,  etc.,  to  hold  the  boards  in 
place. 

After  blocking  the  boards  up  until 
their    upper    edges    are    14"    or    15" 


Fig.     8 — Alternate     Method 
structisg  Groove  ix  Curb 


CON- 


above  the  dirt  level,  stakes  were 
driven  close  to  the  boards  every  3' 
or  4'  apart,  care  being  taken  to  see 
that  they  were  evenly  pointed  and 
driven  straight  so  as  not  to  crowd  the 
boards  out  of  position.  The  boards 
were  then  raised  until  their  upper 
edges  were  4'  2"  below  the  under  side 
of  the  top-rail  (see  Fig.  4).  This 
was  done  by  cutting  a  stick  4'  7" 
long  and  setting  one  end  on  the  up- 
per edge  of  the  form  boards  and  al- 
lowing the  other  end  to  come  up 
against  the  under  side  of  the  top- 
rail.  The  boards  were  then  tacked 
to  the  stakes  with  6d  nails.  The  next 
and  last  thing  is  to  set  the  cut-out 
forms,  with  stanchion  anchors  attach- 
ed, in  between  the  form  boards,  so 
that  the  anchors  will  be  exactly  in 
the  center  of  the  stalls. 

Fig.  6  shows  how  the  forms  for  the 
end  curb  were  set.  The  regular  form 
boards  A  and  B  were  set  in  the  man- 
ner described  above,  except  that  the 
board  A  is  cut  off  6"  shorter  where 


Fig.  4 — Lining  Up  the  Stalls 
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Fig.  5 — Forms  for  High  Cut-Out  Curb 
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1-in.  plank  is  used.  Where  the 
boards  C  and  D  for  the  end  form 
were  thicker  or  thinner  the  thickness 
of  the  inside  board  C  was  added  to 
5"  and  the  board  A  cut  off  tliat  much 
shorter.  This  was  necessary  in  or- 
der to  make  the  thickness  of  the  end 
curb  5".  The  boards  C  and  D  were 
made  long  enough  to  extend  out  2'' 
or  3"  beyond  the  stall  partition.  The 
board  C  was  so  cut  that  its  inner 
end  came  flush  with  the  inner  side  of 
the  board  A  and  was  nailed  on  the 
end  of  this  board. 

The  board  D  was  nailed  on  the 
end  of  the  board  B  and  its  adjacent 
end  left  any  length  desired.  The 
curb  was  tapered  down  to  make  it  5'' 
or  6"  high  above  the  stall  floor  at  its 
outer  end,  and  rounded  off". 

The  inside  curb  gauge  was  set  by 
tacking  on  two  little  strips  S,  one  on 
each  side,  as  shown  in  Fig.  6,  and  the 
curb  gauge  set  on  these  strips. 

The  concrete  for  the  curb  was 
mixed  in  the  proportions  of  1  part 
Portland  cement,  2  parts  sand  and  4 
parts  broken  stone.  The  same  pro- 
portions were  also  used  through  the 
entire  job. 

CONSTRUCTING   THE    MANGER 

The  manger  shown  in  Figs.  1  and 
2  was  constructed  as  follows : 

The  form  boards  were  about  6" 
wide  and  the  stakes  18"  long.  Fig. 
7  shows  how  far  the  inner  side  of  the 
stakes  were  set  from  the  adjacent 
sides  of  the  stall  posts  and  the  height 
of  the  upper  edges  of  the  form 
boards  above  the  stall  floor  level. 
One-in.  boards  well  fastened  to  the 
stakes  in  a  somewhat  similar  manner 
to  that  described  for  the  curbs  were 
found  to  answer  for  the  shallow 
manger. 

A  space  of  from  2''  to  4""  was  left 
between  the  lower  edges  of  the  form 
boards  and  the  ground  so  as  to  allow 
the  concrete  to  si^read  out  at  the  bot- 
tom and  form  a  better  support  for 
the  manger  and  a  better  bond  with 
the  concrete  of  the  feed  alley  floor. 

Templates  were  set  up  as  shown  in 
Fig.  7  with  the  flat  perforated  part  of 
the  malleable  castings  on  the  upper 
edge  of  the  form  boards  and  fastened 
with  short  nails  or  screws,  their  lower 
ends  resting  in  the  groove  in  the  ad- 
jacent side  of  tlie  curb  (see  Fig.  4) 
and  supported  in  this  position  by 
broken  rock,  as  shown  in  Fig.  7,  or 
by  concrete  already  placed  in  the 
bottom  of  the  manger.  They  were 
set  from  3'  to  4'  apart — one  for  each 
stall,  opposite  the  partitions.  In  set- 
ting them  a  level  was  used  to  insure 
the  proper  grade  of  the  manger. 
Care  was  taken  to  see  that  tlic  lower 
bent  ends  of  the  templates  were  held 
even  or  flush  with  the  side  of  the  curb 
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immediately  above  the  groove  and 
close  up  to  its  upper  edge.  This  was 
necessary  to  make  the  manger  smooth 
and  true.  If  a  groove  had  not  been 
made  in  the  side  of  the  curb,  pockets 
would  have  to  be  cut  to  receive  the 
ends  of  the  template  which  stand 
flush  with  the  curb  and  5"  above  the 
level  of  the  stall  floor. 

Fig.  8  shows  another  and  possibly 
a  better  way  of  making  the  groove  in- 
side of  the  curb  next  to  the  manger. 
Instead  of  using  the  cleat  S  shown  in 
Fig.  5,  the  form  boards  are  lapped 
as  shown.  It  also  shows  an  improved 
jilan  for  joining  the  stall  floor  to  the 
curb.  A  narrow  board  or  strip  N  is 
nailed  to  the  outer  sides  of  the  stakes 
so  that  its  upper  edge  will  be  even 
with  the  line  of  the  finished  stall 
floor.  The  board  on  that  side  of  the 
form  is  made  2"  narrower  so  that  its 
lower  edge  will  be  on  a  level  with  the 
upper  edge  of  the  strip  N  instead  of 
2"  below  stall  floor  level  as  usually 
set. 

A  straight-edge  long  enough  to 
reach  from  one  template  to  the  other 
and  lap  over  a  little  is  used  to  pro- 
dee  a  smooth  surface.  The  workman 
stands  outside  of  the  form  boards 
and  reaches  down  to  the  curb  and 
draws  the  straight-edge  toward  him. 

When  the  concrete  had  set  suffi- 
ciently the  templates  were  removed 
and  the  recesses  formed  thereby  filled 
with  cement  grout,  being  very  small 
as  the  templates  were  made  of  1-in.  x 
1-in.  X  %-in.  T-shaped  steel. 

A  curved  trowel  was  used  in  order 
to  avoid  sharp  corners  both  outwardly 
and  inwardly  projecting,  and  also  to 
fill  up  cracks  or  crevices. 

The  Louden  Machinery  Co.,  Fair- 
field, la.,  furnished  the  sanitary  cow 
stalls  and  mangers,  and  C.  J.  Case, 
Troy,  Pa.,  was  the  contractor. 


A   New  Portable  Excavator 
for  Light  Excavation  and 
Sand  and  Gravel  Handling 

A  new  type  of  truck  mounted  ex- 
cavator, designed  for  handling  sand 
and  gravel  and  for  trench  work,  cel- 
lar digging  and  light  excavation  gen- 
erally, has  recently  been  put  on  the 
market  by  the  John  F.  Byers  Mach. 
Co.,  Ravenna,  Ohio.  It  has  a  dig- 
ging capacity  of  20  cu.  yds.  per  hr. 
,ind  in  actual  work  has  shown  much 
higher  records. 

As  described  by  the  makers,  and 
as  shown  by  the  accompanying  illus- 
tration, the  excavator  will  handle  a 
^,/2-cu.  yd.  clam-shell  or  orange-peel 
bucket  on  a  20-ft.  to  22-ft.  boom 
with  a  range  of  hoist  up  to  12'.  Ex- 
cept the  boom,  which  is  of  wood,  the 
construction  is  steel  and  steel  out- 
riggers are  provided  to  prevent  tip- 
ping sideways.  Where  conditions  do 
not  permit  the  use  of  outriggers,  guy 
ropes  can  be  substituted. 

The  8-h.p.  engine  is  vertical,  doub- 
le cylinder  and  geared,  giving  a  rope 
pull  of  4,200  lbs.  at  a  speed  of  100' 
per  min.  The  boiler  is  32"  in  diam- 
ete,  70"  high,  and  has  55  2-in.  tubes, 
43"    long. 

All  other  parts,  such  as  wire  rope, 
blocks,  fittings,  etc.,  are  the  manu- 
facturers' standard,  except  the  dig- 
ging bucket,  which  may  be  any  make 
preferred  by  the  purchaser. 

The  machine  has  a  total  weight, 
without  bucket,  of  7^/2  tons,  and  is 
transported  by  team,  the  pole,  neck- 
yoke  and  single  and  double  trees  be- 
ing furnished  as  part  of  the  equip- 
ment. 


Sea  sand  contains  alkaline  salts 
that  attract  and  retain  moisture  and 
cause  efflorescence. 


BvERS  Light  Portaulp:  Excavator 
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A  Small  Batch  Mixer  with 
Special  Loadi?ig  Feature 

Several  improvements  of  value  in 
its  line  of  small  concrete  mixers — the 
Atlas — are  announced  by  the  manu- 
facturer.  Atlas  Engineering  Co.,  Mil- 
waukee. The  most  important  of 
these  is  the  rapidity  with  wliich  the 
mixer  can  be  loaded  and  handled,  it 
being  claimed  that  the  mixer  gives 
a  2I/2  cu.  ft.  batch  per  min. 

As  described  by  the  makers,  and 
as  shown  in  Figs.  1,  2  and  3,  the 
drum  is  made  of  heavy  boiler  plate 
with  gray  iron  heads,  the  outer  edges 
of  which  form  tires  upon  which  the 
drum  rolls.  The  mixing  blades  and 
buckets,  shown  in  Fig.  3,  are  made 
of  heavy  boiler  plates  and  are  held 
in  place  in  the  drum  by  hand-forged 
brackets,  machine-riveted  to  the  drum. 
The  blades  are  set  %''  from  the 
drum,  thus  permitting  the  water  used 
in  cleaning  to  pass  under  the  blades 
and  also  preventing  the  setting  of 
concrete  behind  them. 


Fig.  2- 

MlXER 


Fig.  1 — ViEW  Showing  Loading  Device  for  the  Atlas  Mixer 


The  clutch  is  of 
the  expanding  ring 
type,  being  provided 
with  grease  cups  at 
the  various  points 
where  required.  It 
starts  the  drum  with 
a  very  slight  pres- 
sure of  the  lever. 

The  gasoline  en- 
gine shown  in  Fig. 
2  is  built  especially 
for  the  Atlas  mixer 
by  the  Christensen 
Engineering  Co., 
Milwaukee.  It  can 
be  operated  in  all 
kinds  of  weather,  as 
it  is  completely  cov- 
ered by  a  metallic 
hood. 
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■View   Showing   Gasoline   Engine  and  Discharging  Device   for  the  Atlas 


A  New  Type  of  Adjustable 
Cistern  Form 

One  of  the  recent  inventions  in  the 
concrete  industry  is  a  new  type  of 
steel  cistern  form  which  is  being  fur- 
nished by  the  Blaw  Steel  Construc- 
tion Co.,  Pittsburgh.  It  is  an  adap- 
tation of  the  same  principle  em- 
ployed in  the  Blaw  adjustable  circu- 
lar column  molds,  which  have  been 
c:i  the  market  for  a  number  of  years. 

As  described  by  the  makers,  and 
;is  shown  by  the  accompanying  illus- 
trations, the  forms  may  be  used  for 
cisterns  either  above  or  below  the 
ground.  For  cisterns  beneath  the 
ground,  an  excavation  is  made  of  the 
proper  diameter  and  the  earth  out- 
side usually  acts  as  the  outside  form, 
the  inside  form  only  being  required. 
Two  sets  of  forms  are  required  for 
cisterns  above  ground. 

The  panels  which  compose  the 
straight  portion  of  the  form  are 
slightly  flexible,  so  that  they  may  be 
b<=nt  to  different  diameters.  These 
are  kept  in  proper  curvature  by  sec- 
tional bands  which  pass  through  the 
flanges  of  the  panels  and  are  secured 
by  keys  on  each  side  of  the  flanges. 
A  separate  set  of  bands  is  necessary 
for  each  size  of  cistern,  but  the  pan- 
els may  be  used  for  all  sizes  from  the 
smallest  to  the  largest,  more  panels 
being  introduced  when  the  diameter 
of  the  cistern  is  larger. 

In  order  to  secure  the  same  adjust- 
ment for  the  cover  form  as  that  of 
the  straight  portion  with  respect  to 
varying  diameters,  the  slope  of  the 
roof  on  the  top  portion  becomes 
steeper  as  the  diameter  of  the  cistern 
decreases,  as  will  be  seen  from  the 
accompanying  illustrations,  the  same 
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Fig.  3 — Arrangement  of  Mixing  Blades  and  Buckets  in 
THE  Drum  of  the  Atlas  Mixer 


CONCRE TE-CEMENT  A  GE 


The  Blaw  Cisterx  Forji 

type  of  form  being  used  for  either 
the  6-ft.  or  the  8-ft.  cistern,  except 
that  in  the  case  of  the  larger  cistern 
a  few  more  panels  are  introduced. 

These  forms  will  handle  cisterns 
of  any  desired  capacity.  A  cistern 
6'  in  diameter  and  6'  high  will  hold 
about  40  bbls.  Introduction  of  one 
additional  panel  in  the  side  form, 
making  the  diameter  6'  8",  increases 
the  capacity  to  about  50  bbls.  In- 
troduction of  three  additional  panels, 
making  the  diameter  8',  increases  the 
capacity  to  about  70  bbls.  When  it 
is  desired  to  increase  the  capacity 
beyond  this,  the  cistern  may  be  made 
deeper  by  the  introduction  of  a  3-ft. 
vertical  panel  above  the  6-ft.  panel 
used  on  smaller  sizes,  so  that  a  cis- 
tern 8'  in  diameter  and  8'  3"  high 
tc  the  springing  line  will  have  a  ca- 
pacity of  about  100  bbls.  Thus,  it 
is  seen  that  a  single  equipment  cap- 
able of  building  a  cistern  of  100  bbls. 
capacity  may  be  use  for  })ui]diiig 
almost  any  desired  size  from  10  bbls. 
up. 


A  Portable  Derrick  for  Instal- 
lat'ion  on  Motor  Trucks 

A  unique  hand-operated  derrick 
for  handling  loads  up  to  %  ton  is 
shown  in  the  accompanying  illustra- 
tion, being  constructed  of  malleable 
iron  and  steel  with  roller  bearings 
where  necessary.  It  is  designed  to 
be  attached  to  motor  trucks,  although 
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Hand    Operated    Derrick    Mounted    ox 
Motor  Truck 

it  may  be  used  otherwise,  and  is  test- 
ed to  1,900  lbs.  in  the  shop. 


The  derrick  is  in  two  parts,  a 
"base"  weighing  100  lbs.  and  a 
"beam"  weighing  128  lbs.  The  base 
section  consists  of  a  steel  post  ribbed 
inside  for  strength  and  having  a 
truck  collar.  It  is  mounted  on  a  chan- 
nel steel  right  angle  base  braced  to 
the  post  as  shown,  clearing  any  ob- 
struction that  the  scat  will.  The 
beam,  whicli  has  a  reach  of  3'  4"  and 
height  to  the  block  of  5',  carries  the 
drum  and  has  a  ring  which  drops 
over  the  head  of  the  post  and  also 
has  two  rings  which  straddle  the  post 
and  carry  rollers  which  ride  on  the 
truck  collar.  The  drum  carries  300' 
of  14-in.  steel  cable,  and  is  operated 
by  hand  cranks.  The  beam  has  a  full 
circle  swing.  There  are  no  adjust- 
ments or  attachments  to  remove  in 
order  to  take  the  beam  from  the  post 
on  the  base  section. 

The  derrick  is  mounted  on  the 
truck  by  simply  bolting  the  bars  to 
vhe  truck  'frame  or  flooring.  It  is 
made  by  the  Taylor  Portable  Steel 
Derrick  Co.,  1036  West  Lake  St., 
Chicago. 


A  Device  for  Wiring  Wood 
Forms 

Concrete  contractors  who  have  en- 
countered the  old  problem  of  how  to 
use  wood  forms  with  the  least  loss  of 
time,  labor  and  lumber,  will  be  inter- 
ested in  a  device  made  by  the  Mil- 
waukee Device  Co.,  1287  National 
Ave.,  Milwaukee,  and  shown  in  the 
accompanying  illustration. 

The  purpose  of  this  device  is  to 
facilitate  the  assembling  and  fixing 
of  wood  centering  by  use  of  com- 
mon wire.  The  use  of  this  tool  ob- 
viates the  necessity  of  transporting 
form-holding  devices  from  one  job 
to  another  and  makes  the  defacement 
of  lumber  by  spiking  entirely  unnec- 
essary.    All  the  wiring  is  done  out- 


TiiE  Milwaukee  Stay  W  iiik    1  ic.iit»;xek  and  Twister 
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side  the  forms.  This  will  appeal  to 
the  man  who  has  tried  to  wire  column 
or  girder  forms  in  place  by  manipu- 
lating a  pair  of  12-in.  pliers  in  a 
13-in.  form.  Forms  are  released  by 
simply  cutting  the  restraining  wires. 
This  device  can  be  operated  by  an 
inexperienced  man,  and  after  a  little 
practice,  it  enables  him  to  secure 
from  one  wire  to  three  wires  per  min. 
It  is  made  of  malleable  iron  and 
brass,  and  the  wire-gripping  parts 
are  made  of  the  best  tool  steel.  It 
weighs  only  10  lbs.  and  is  easily 
handled  around  on  the  job.  It  is 
very  durable,  and  will  stand  any 
amount  of  rough  handling.  With 
ordinary  care  it  should  last  indefinite- 


engine,  as  shown  in  the  illustration. 

The  mixing  machine  is  fitted  with 
two  sets  of  roller  bearings,  so  pro- 
tected that  sand  or  cement  cannot  get 
into  the  rollers,  thus  reducing  frac- 
tion to  a  minimum. 

The  mixer  has  a  capacity  of  3  cu. 
ft.  per  batch  and  is  claimed  to  mix  a 
batch  in  1  min.  when  operated  by 
power,  turning  out  from  35  cu.  yds. 
to  50  cu.  yds.  per  da. 


A  3-Cu.  Ft.  Batch  Mixer 

The  Iowa  batch  mixer  shown  in 
the  accompanying  illustration  is 
made  by  the  Iowa  Foundry  &  Mfg. 
Co.,  Fort  Dodge,  la. 

The  drum  has  a  cast  iron  cup- 
shaped  bowl,  thus  leaving  no  sharp 
angles  or  corners  for  the  materials 
to  collect  in  and  clog  the  machine. 
The  special  form  of  yoke  gives  the 
mixer  a  perfect  balance,  which  adds 
considerably  to  the  ease  of  tilting  in 
order  to  dump  the  mixture.  The 
sheet  steel  drum  is  firmly  riveted  on- 
to the  bowl.  The  cast  iron  legs  are 
well  braced  and  amply  strong  to 
carry  their  load. 

The  mixer  is  mounted  either  on 
skids  or  on  trucks  or  on  trucks  with 


Cinders,  when  used  as  aggregate 
in  concrete,  should  be  of  good,  clean, 
crushed,  vitrified  clinkers,  as  the  or- 
dinary cinders  are  unsuitable  for 
such  purposes.  Cinders  from  anthra- 
cite coal  are  usually  the  best,  owing 
to  being  harder,  generally  more 
dense  and  less  liable  to  contain  in- 
jurious amounts  of  sulphur. 

Current  Prices  —  Con- 
crete Materials  a 


Portland  Cement — The  prices  in  the 
Eastern  cement  are  considerably  lower 
than  those  noted  last  month.  In  the  south 
and  west,  however,  the  quotations  and  the 
demand  are  about  the  same.  Prices 
given  are  f.  o.  b.  cars  at  points  named, 
including  cloth  sacks,  for  which,  in  gen- 
eral, 40  cts.  per  bbl.  (4  sacks)  is  re- 
funded on  return  in  good  condition. 
Prices  per  bbl.  (including  4  cloth 
sacks)  are  as  follows:  Boston,  $1.66; 
New  York,  $1.42;  Chicago,  $1.45;  Pitts- 
burgh, $1.40;  New  Orleans,  $1.64  on  dock; 
Memphis,  $1.64;  Cleveland,  $1.53;  De- 
troit,  $1.49;    Indianapolis,  $1.58;    Peoria, 


The  Iowa  Batch  Mixer  of  3  Cu.  Ft.  Capacity  Mounted  on  Trucks  with  Engine 
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$1.49;  Columbus,  $1..^;  Cinciimati,  $1..59; 
Toledo,  $!.. 53;  .St.  Jx)uis,  $1.45;  Milwaukee, 
$1.50;  Minneapolis  and  St.  I'aul,  $1.60; 
Duluth,  $1.73;  Kansas  Citv,  $1.43;  Cedar 
Rapids,  $1.50;  Omaha,  .$1.43;  Spokane, 
$1.75;  Seattle,  $2.30;  Portland,  Ore.,  $2.30; 
Tacoma,  $2.30. 

Crushed  Stone — IVg-in-  stone,  prices  per 
cu.  yd.,  f.  o.  b.  cars  in  carload  lots,  unless 
otherwise  specified.  Boston,  80  cts.  per 
ton  at  the  quarry;  New  York,  90  cts.  to 
$1.00,  in  full  cargo  lots  at  the  docks; 
Chicago,  $1.15;  Spokane,  $1.00;  Portland, 
Ore.,  $1.15;  Seattle,  $1.50. 

Gravel — Prices  given  are  per  cu.  yd. 
f.  o.  b.  cars  in  carload  lots  unless  other- 
wise noted.  Boston,  75  cts.;  New  York, 
90  cts.,  in  full  cargo  lots  at  docks ;  Chi- 
cago, $1.15;  Spokane,  $1.00;  Portland, 
Ore.,  85  cts.;  Seattle,  75  cts.;  Tacoma,  75 
cts. 

Sand — Prices  are  per  cu.  yd.,  f.  o.  b. 
cars  in  carload  lots  unless  otherwise  in- 
dicated. New  York,  50  cts.,  full  cargo 
lots  at  docks;  Ciiicago,  $1.15;  Spokane, 
75  cts. ;  Seattle,  75  cts. ;  Portland,  Ore.,  85 
cts. ;  Tacoma,  75  cts. 

Reinforcing  Bars — Prices  are  about  the 
same  as  those  quoted  last  month.  Pitts- 
burgh base  quotations  on  mill  shipments  f. 
o.  b.  cars,  are  from  $1.10  to  $1.15  per  cwt., 
with  the  'prevaiMng  extiras  on  bars  under  %" 
or  base.  The  following  are  quotations  on 
base  bars  per  100  lbs.,  for  mill  ship- 
ments from  other  points,  f.  o.  b.  cars: 
New  York,  $1.26;  Philadelphia,  $1.25; 
Chicago,  $1.28;  Spokane,  $2.20;  Portland, 
Ore.,  $1.90;  Seattle,  $1.85;  Tacoma,  $1.85. 

Shipments  from  stock  are  being  made 
at  the  following  prices  per  cwt.  f.  o.  b. 
cars;  Pittsburgh,  $1.60;  New  York,  $1.85; 
Cleveland,  $1.80;  St.  Louis,  $1.80;  Chica- 
go, $1.55;  Spokane,  $2.50;  Portland,  Ore., 
$2.15;  Tacoma,  $2.20;  Seattle,  $2.20. 

Metal  Clips  for  Supporting  Bars — $4.50 
to  $6.50  per  1,000,  depending  on  size. 

For  the  majority  of  the  prices  given 
we  are  indebted  to  the  Universal  Port- 
land Cement  Co.,  Sandusky  Portland 
Cement  Co.,  Concrete  Steel  Co.,  Ameri- 
can Sand  &  Gravel  Co.,  Chicago,  and 
F.  T.  Crowe  &  Co.,  Seattle,  Portland, 
Spokane  and  Tacoma. 

Reinforcing  bars  for  mill  shipments  are 
in  general  sold  on  a  Pittsburgh  basis; 
this  is,  at  the  Pittsburgh  quotation  plus 
the  freight  to  the  point  in  question,  and 
with  the  following  list  of  freight  rates 
on  finished  material  and  the  Pittsburgh 
quotation  given,  the  price  of  bars  at  any 
of  the  points  listed  can  be  readily  com- 
puted. 

From  Pittsburgh,  carloads,  per  100  Vbs. 
to: 

Albany   16     ctfc 

New  York 16  ** 

Philadelphia    15  " 

Baltimore   141^  " 

Boston  18  ** 

Buffalo    11 

Norfolk  20  " 

Cleveland   10  ** 

Birmingham 45  ** 

Columbus    12  '* 

Cincinnati   15  ** 

Louisville  18  " 

Chicago    18  •* 

Richmond   20  " 

Denver 841/2  •* 

St.  Louis  221^  •• 

New  Orleans  30  *• 

Minneapolis    32  ** 

Kansas  City 42%  " 

Indianapolis  17  " 

Omaha   421/3  ** 
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Concrete  Roads   In   INIilwaii- 
kee  County,  Wis. 


(Continued  from  page  74) 


period. 


It  was  found  that  there  was  more 
or  less  chipping  in  the  concrete  at  the 
joints  in  all  the  old  roads.  This 
chipping,  while  small  in  many  cases, 
warned  the  commissioner  to  treat 
each  and  every  joint  with  a  small 
amount  of  hot  tar.  The  necessity 
for  this  treatment  tended  to  bring 
a  doubt  into  our  minds  of  the  neces- 
sity for  steel  plates  and  as  a  result, 
two  miles  of  roads  were  constructed 
without  any  protection  plates  and  this 
will  be  watched  with  considerable  in- 
terest over  winter. 

The  spacing  of  the  joints  was  in- 
creased to  50'  in  1914  work.  While 
an  occasional  crack  appears,  it 
is  not  believed  that  they  are  detri- 
mental as  they  are  transverse  and 
the  writer  sees  no  reason  for  reduc- 
ing the  spacing  of  the  joints  and  if 
any  change  is  made  it  will  be  made 
in  a  still  longer  spacing.  With  the 
exception  of  one  road  which  was 
built  along  a  car  track  where  a  ditch 
could  not  be  constructed,  the  con- 
crete roads  in  Milwaukee  Co.  are 
fairly  free  from  longitudinal  cracks. 
It  is  believed  that  this  is  due  very 
largely  to  a  thorough  destruction  of 
the  old  road,  thus  giving  a  uniform 
sub-grade  for  the  concrete.  It  is 
also  partly  due  to  the  construction  of 
the  grade  some  distance  ahead  and 
the  building  of  fairly  good  ditches. 

EXPERIMENTS. 

In  the  last  two  seasons  various 
experiments  have  been  carried  on  by 
this  department  as  regards  the  sur- 
face treatment  of  concrete  roads. 
Several  different  combinations  of  as- 
phalt and  tars  have  been  used  and 
at  some  future  date  our  opinions  of 
the  various  processes  will  be  given 
out. 

One  piece  of  road  was  constructed 
in  191 1  with  some  of  a  so-called 
hardener  comi^ound  incorporated  in 
it. 

CONCLUSION 

As  stated  in  tlie  beginning  of  this 
article,  there  arc  disadvantages  as 
well  as  advantages  in  concrete  roads 
but  we  feel  that  we  have  selected  the 
best  type  for  the  conditions  and  the 
expenditures  being  made  and  to  be 
made  are  as  economical  as  can  be  ex- 
pected with  any  form  of  road  that 
can  be  built  to  withstand  modern 
traffic  conditions. 
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Concrete  Posts  Used  in  Arn- 
old Arboretum,  Boston 

The  accompanying  illustrations 
show  the  use  of  reinforced  concrete 
l)osts  in  the  Arnold  Arboretum,  Bos- 
ton. The  posts  are  slender,  consid- 
ering their  height  of  8',  being  only 
5"  X  5"  at  the  base,  tapering  to  3" 
X  3"  at  the  top.  They  were  made  by 
workmen  at  odd  times  and  many  of 
them  have  been  in  use  for  five  yrs. 
The  wires  which  support  rare  vines 
are  spaced  1'  apart  and  are  thread- 
ed through  holes  in  the  posts,  made 
by  the  insertion  of  small  rods  when 
the  posts  were  cast.  The  end  posts, 
as  shown,  have  holes  for  large  eye- 


bolts,  held  by  nuts,  and  the  wires, 
which  are  fastened  in  the  eyes,  are 
tightened  by  turning  up  the  nuts. 
This  trellis  is  durable  and  pleasing 
in  appearance  and  the  vines,  many 
of  them  very  rare,  have  good  light 
and  do  not  have  to  be  disturbed  for 
repairs  to  the  trellis. 


Concrete  should  not  be  too  wet  or 
too  dry.  If  too  wet  it  will  shrink  an 
excessive  amount  in  setting  and  hard- 
ening; if  too  dry  when  placed  it  will 
not  be  dense,  as  the  mortar  will  not 
run  into  the  spaces.  It  is  better  to 
use  too  much  than  too  little  water, 
but  mixtures  that  are  too  wet  are  not 
so  strong  as  medium  mixtures. 


iiii.i.i.is  OF  Slender   Cu..^i.i.ii.   i'u.iib   biiu..\i,    ...m    \\  im.^   ai    Aunoi.i)   .Vkuoretum, 

IJOSTON 

The  vines  are  of  many  kinds — some  rare  species.     Some  of  tlicm  in  the  illustration 
are  grajies  and  wistarias 
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Just  Aggregate— Not  "Fine"  Nor 
"Coarse" 

"IXTHY  has  practice  in  concrete  work  clung  so 
'  '  tenaciously  in  the  matter  of  aggregates  to 
an  idea  that  "fine  aggregate"  is  one  thing  and 
"coarse  aggregate"  a  distinctly  different  thing? 
Time  was  when  it  was  not  fully  recognized  that 
grading  is  the  all-important  thing,  but  proper 
.'grading  removes  any  arbitrary  distinction  between 
coarse  and  fine.  The  real  answer  to  the  question 
is  undoubtedly  in  the  "condition  of  the  market." 
William  M.  Kinney  pointed  out  at  the  convention 
of  the  American  Concrete  Institute  that  this  is  a  sit- 
uation with  which  the  industry  must  wrestle.  In 
substance  his  contention  is  that  the  engineer  and 
contractor  must  demand  exactly  the  grading  of 
materials  required  for  their  work.  Specifications 
have  repeatedly  been  drawri  for  concrete  materials 
based  upon  the  condition  of  the  market — that  is, 
upon  the  sizes  of  stone  and  gravel  usually  carried 
in  stock.  As  long  as  the  material  man  can  give 
the  concrete  man  the  same  stone  he  gives  the  rail- 
road for  ballast  or  the  highway  contractor  for 
macadam  roads  he  is  going  to  do  it.  But  as  soon 
as  the  concrete  industry  demands  a  graded  mate- 
rial suited  to  its  peculiar  needs  it  will  get  it. 

Carry  this  to  its  logical  conclusion,  then,  and 
"fine  aggregate"  and  "coarse  aggregate"  must  dis- 
appear and  leave  graded  aggregate  in  their  place. 
The  progressive  concrete  stone  manufacturers  who 
operate  their  own  crushers  recognize  no  such  thing 
as  fine  and  coarse  aggregate.  They  crush  their 
stone,  separate  it  into  various  bins  and  re-combine 
it.  If  rhetoric  afforded  more  degrees  of  compari- 
son, good  practice  in  the  matter  of  aggregate  might 
be  described,  but  "fine,"  "finer"  and  "finest"  are 
inadequate.  Why  any  arbitrary  divisions  at  all? 
It  is  all  aggregate  and  should  all  be  graded.  The 
maximum  size  will  be  fixed  by  the  size  of  the  work, 
by  the  way  the  mixture  must  be  manipulated  and 
by  the  surface  finish  desired;  the  minimum  size 
will  be  determined  in  great  measure  by  the  peculiar 
quality  sought;  resistance  to  surface  abrasion,  as 
in  floors,  or  great  density  and  impermeability. 
Yet  between  the  stated  maximum  and  minimum 
sizes  the  material  should  be  graded,  and  in  time 
that  is  the  way  it  must  be  supplied.  It  remains 
for  the  engineer  to  specify. 


Tile  Chicago  Cement  Show  and  Its  Field 
of  Influence 

T  TNDOUBTEDLY  the  most  convincing  evidence 
of  the  success  of  the  Cement  Show  in  the 
Chicago  Coliseum,  Feb.  10-17,  was  in  the  demand 
for  space  at  next  year's  Show.  The  exhibitors 
know  whether  or  not  a  show  is  a  success — from 
their  standpoint.  And  their  judgment  is  evident  in 
the  fact  that  within  a  few  hours  after  the  begin- 
ning of  the  allotment  of  space  for  the  1916  Show, 
every  inch  in  the  main  building  and  most  of  that 
in  the  annex  had  been  taken.  There  is  strong 
reason  to  believe  that  the  Show  management  will 
arrange  for  additional  exhibition  area  in  adjoining 
or  nearby  buildings. 

It  was  undoubtedly  the  best  Show  ever  held,  from 
the  standpoint  also  of  the  visiting  contractor  who 
was  looking  for  equipment.  It  was  a  machinery 
show.  Never  has  another  such  array  been  seen  of 
machinery  of  the  concrete  field.  Never  have  so 
many  different  mixers  been  seen  at  one  place ;  never 
has  there  been  such  a  showing  of  small  mixers — 
everybody  seemed  to  have  produced  a  small  mixer. 
By  "small"  mixers  is  not  meant  "cheap"  mixers. 
The  last  two  or  three  j^ears  have  witnessed  an  ever- 
increasing  popularity  of  the  small  batch  mixer — a 
machine  that  will  hold  and  mix  material  that  will 
measure  five  good  cubic  feet  in  its  mixed  state.  The 
increased  demand  for  these  mixers  has  been  of  a 
two-fold  nature.  The  small  contractor  who  used 
to  mix  by  hand  has  learned  the  economy  and  accu- 
racy of  machine-mixing.  The  large  contractor  has 
learned  the  economy  of  letting  a  small  mixer  start 
the  big  job  and,  later,  finish  it,  thus  obviating  the 
necessity  of  keeping  his  big  mixing  plant  on  the 
work  from  first  to  last.  He  has  also  learned 
something  of  the  flexibility  of  mixing  equipment 
composed  of  two  or  three  small  units.  The  Ce- 
ment Show  reflected  these  influences,  for  there  was 
hardly  a  single  manufacturer  of  heavy  mixing  ma- 
chinery who  did  not  show  a  mixer  with  a  capacity 
as  low  as  five  feet,  mixed  material. 

The  fact  that  continuous  mixers  of  good  engin- 
eering design  and  reliable  construction  occupy  a 
particular  place  all  their  own  was  shown  by  the 
several  machines  of  this  type  on  exhibition  brought 
nearer  perfection  by  small  mechanical  improve- 
ments.       The  continuous   mixer  is   comina;  into   a 
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stronger  position  in  the  field  than  it 
once  occupied. 

Another  group  of  exhibits  mark- 
ing a  notable  step  in  the  progress  of 
the  industry  included  bag-bundlers 
and  machinery  for  handling  bulk  ce- 
ment— e  q  u  ip  m  e  n  t  affecting  two 
phases  of  the  contractor's  cost  prob- 
lems, from  different  angles. 

It  has  not  been  so  very  long  since 
there  was  no  such  thing  as  a  machine 
for  bundling  empty  cement  bags. 
The  bag  nuisance  grew  to  such  pro- 
portions and  was  so  annoying  to  ce- 
ment manufacturers  and  users  alike 
that  an  extensive  campaign  was 
started  to  show  contractors  the  prop- 
er methods  of  handling,  storing  and 
returning  "empties."  This  educa- 
tional work  convinced  the  cement 
user  of  the  good,  common  sense  of 
taking  proper  care  of  empty  cement 
sacks  and  at  this  Show  he  found 
simple  machines  of  varying  design 
for  counting,  t3'ing  and  tagging 
bundles  of  empty  bags. 

The  buyer  of  Portland  cement 
who  wished  to  rid  himself  of  the 
bag  nuisance  completely  was  shown 
simple,  inexpensive  equipment  for 
unloading  and  storing  cement  if  he 
chose  to  have  it  shipped  to  him  in 
bulk. 

The  visitor  saw  fewer  hand-oper- 
ated block  machines  and  more  power 
tampers. 

He  saw  a  great  deal  of  equipment 
for  building  silos — monolithic  and 
unit  construction.  The  business  of 
building  silos  is  rapidly  taking  an 
important  place  in  this  industry. 
When  we  hear  that  one  contracting 
firm  down  in  Indiana  erected  80  silos 
last  season,  the  importance  of  this 
young  branch  of  concrete  construc- 
tion becomes  very  apparent.  At  the 
show  the  farm  owner  found  plenty 
of  reason  for  deciding  upon  the 
safety  of  a  concrete  silo  investment. 

The  wonderful  advance  of  con- 
crete road  construction  made  its  im- 
press upon  the  Show.  For  the  first 
time,  metal  side  forms  for  roads  and 
pavements  were  made  important 
features  of  steel  form  exhibits. 
Again  the  mixer  men  were  in  evi- 
dence, with  special  types  of  portable 
mixing  plants  used  in  laying  roads 
and  pavements.  Exhibitors  inter- 
ested in  highway  construction  report- 
ed an  unusually  high  percentage  of 
city  enginers,  highway  officials  and 
road  builders  among  the  visitors. 

On  every  hand  the  engineer  and 
the  contractor  saw  progress.  It  was 
a  show  for  the  man  who  does  the 
constructing — for  the  man  with  an 
intimate  knowledge  of  the  uses  of 
equipment.  He  could  translate  what 
he  saw  into  terms  of  a  bigger  con- 
crete industry — more  Avork,  better 
done.  It  was  a  good  show  for  the 
buyer  of  equipment. 
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A    Cement    Products    Show 
Without  the  Products 

A  NY  opinion  as  to  the  success,  the 
■^^  fruitfulness  of  the  Cement 
Show  must,  of  course,  be  based  upon 
an  understanding  of  what  its  purpose 
is.  The  object  certainly  is  not  to 
make  money  for  the  stockholders  in 
the  Cement  Products  Exhibition  Co. 
The  very  name  of  the  organization 
implies  an  intention  to  create  inter- 
est in  the  products  of  cement,  that 
is,  in  concrete;  to  further  the  use  of 
cement  in  concrete  work  through  ex- 
hibits showing  the  possibilities  of  the 
resulting  material. 

The  recent  Chicago  Show  suggests 
a  question  as  to  whether  or  not  the 
Cement  Show  has  not  evolved  into 
a  market  place — the  general  charac- 
teristics of  which  are  such  as  to  show 
concrete  contractors  the  machinery 
with  which  to  carry  on  their  work  in 
the  most  efficient  way — a  market 
place  for  equipment  rather  than  an 
exposition  of  cement  products  — 
products  which  should  be  of  such 
character  as  to  influence  architects 
and  owners  to  use  these  products 
and  thereby  create  new  business  for 
the  contractors.  It  may  be  that  the 
industry  needs  the  market  place  more 
than  it  needs  the  exposition.  It 
should  not  be  lost  sight  of,  however, 
that  the  Cement  Products  Exhibition 
Co.,  through  its  Cement  Show,  has 
two  functions:  To  show  to  the  prac- 
tical constructor  the  newest  devel- 
opments in  the  machinery  and  tools 
with  which  he  can  work  to  best  ad- 
vantage, and  to  show  the  architect, 
the  public  who  is  the  consumer,  and 
to  the  builder,  actual  examples  of 
concrete.  The  public  can  scarcely 
be  expected  to  specify  concrete  for 
its  new  houses  because  of  any  favor- 
able influence  in  viewing  a  mixer  in 
which  the  raw  materials  are  manip- 
ulated. Neither  is  the  architect  con- 
vinced of  the  architectural  qualities 
of  concrete  by  an  admittedly  valu- 
able machine  for  bundling  empty  ce- 
ment bags.  Nor  does  a  great  array 
of  machines  and  tools  and  accessor- 
ies give  even  to  the  builder  himself 
a  vivid  picture  of  the  finished  excel- 
lence of  the  concrete  itself— the  end 
for  which  he  must  strive. 

The  Exhibition  company  manage- 
ment can  take  the  stand  that  it  offers 
the  spaces  for  sale  and  beyond  exer- 
cising a  censorship  for  the  elimin- 
ation of  improper  exhibition  feat- 
ures, leaves  it  to  the  buyers  of  space 
to  exhibit  what  they  please.  The 
Show  rightly  belongs  to  the  exhib- 
itors. It  is  for  them  to  give  it  its 
character.  This  year's  Show,  how- 
ever— essentially  a  machinery  show 
— prompts  the  suggestion  that  the 
show  management  should  go  further 


in  its  efforts  to  give  the  desirable 
character  to  the  exhibition.  The  ma- 
chinery is  essential;  its  wonderful 
development  marks  the  progress  of 
the  industry.  Mixers  are  a  prime 
necessity ;  bag  bundlers  are  a  boon 
to  the  cement  user — money  in  his 
pocket  by'  providing  a  systematic 
means  of  avoiding  profit-eating  loss- 
es ;  and  how  could  concrete  work  be 
done  without  systems  of  forms.''  All 
the  machines  and  tools  should  be 
seen  at  the  Cement  Show ;  they  are, 
in  themselves,  a  highly  educational 
feature.  But  where  is  tTie  boasted 
concrete?  Where  is  the  material 
which  demonstrates  the  purpose  and 
the  effect  of  all  this  display  of  ac- 
cessories? The  answer  is:  Chiefly 
in  unrelated  though  handsome  and 
otherwise  creditable  examples  in  the 
booths  of  individual  cement  compan- 
ies. There  is  no  big  dominant  char- 
acteristic display  of  tlie  manifold  ap- 
plications of  concrete,  as  there  un- 
doubtedly should  be.  Such  displays 
have  been  left  to  individual  exhib- 
itors, some  of  whom  have  done  very 
well,  but  the  result  is  not  a  co-ordin- 
ated effort  such  as  could  possibly  be 
expected  to  convey  to  the  visiting 
public  the  tremendous  object  lesson 
which  the  public  expects. 

For  a  Better  Show 

/CRITICISM  that  the  Cement 
^^  Show  was  too  much  a  machinery 
show  does  not  carry  the  suggestion 
that  less  machinery  should  be  shown. 
It  does  carry  the  suggestion  that  the 
show  should  contain  many  more  ex- 
amples of  the  ultimate  product  of  all 
the  machines — more  concrete.  This 
would  not,  by  any  means,  weaken  the 
appeal  of  the  equipment;  it  would 
strengthen  that  appeal  by  providing 
tangible  evidence  to  answer  the  ques- 
tion: "What  is  it  all  about?"  Each 
individual  exhibitor  naturally  devotes 
his  space  to  the  thing  he  has  to  sell. 
It  seems  desirable  that  the  Exhibi- 
tion company  itself  should  undertake 
to  present  the  samples  of  concrete 
work  and  make  those  samples  the 
dominant  fieature  of  the  Show.  The 
thing  whicli  the  public  should  carry 
awa}^  from  the  Show  is  not  a  din  in 
its  ears — although  the  din  must  re- 
main— but  a  vivified  impression  of 
the  realities  of  concrete. 

The  management  lacking,  for  next 
year,  the  central  space  in  which  to 
make  an  impressive  and  convincing 
exhibit  of  concrete,  might  foster 
some  co-operative  arrangement 
among  the  exhibiting  cement  com- 
panies and  otlier  exhibitors  whose 
work  at  the  show  is  chiefly  along 
general  educational  lines,  to  carry 
out  some  definite  and  co-ordinated 
scheme  for  a  comprehensive  exposi- 
tion of  concrete  in  most  of  its  uses. 
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Eleventh  Annual  Convention  of  the  Ameri- 
can Concrete  Institute 


I 


The  American  Concrete  Institute 
lield  its  11th  annual  convention  at 
the  Auditorium  Hotel,  Chicago,  Feb. 
9  to  12,  with  a  registered  attendance 
of  about  350  and  an  average  attend- 
ance at  meetings  of  about  100. 
Richard  L.  Humphrey,  who  had 
rounded  out  10  yrs.  as  the  president 
of  the  Institute,  originally  organized 
as  the  Natl.  Assn.  of  Cement  Users, 
was  succeeded  by  Leonard  C.  Wason, 
president  of  the  Aberthaw  Construc- 
tion Co.,  Boston.  Other  officers 
elected  are:  vice-presidents,  W.  K. 
Hatt  and  H.  C.  Turner;  treasurer, 
Robert  W.  Lesley;  directors,  W.  H. 
Ham,  Ernest  Ashton,  A.  E.  Lindau 
and  W.  P.  Anderson.  Charles  L. 
Fish  has  been  appointed  secretary  to 
succeed  Edward  E.  Krauss.  A  mo- 
tion by  Mr.  Lesley  was  adopted  to 
the  effect  that  the  incoming  direc- 
tors, in  the  absence  of  necessary 
provision  in  by-laws,  take  suitable 
action  to  make  Mr.  Humphrey  hon- 
orary president  in  recognition  of  his 
long  service  to  the  organization. 

As  a  result  of  liberal  donations 
from  individuals  who  feel  that  the 
Institute  is  of  sufficient  importance 
to  them,  in  developing  and  stand- 
ardizing concrete  work,  to  justify 
financial  support,  the  Institute  comes 
into  the  possession  of  about  $17,000, 
which  will  enable  it  to  meet  all  its 
obligations,  complete  the  publication 
of  its  Proceedings  and  take  care  of 
other  work  in  the  immediate  future. 
Annual  membership  dues  have  been 
increased  from  $5.00  to  $10.00. 
Announcement  has  been  made 
through  the  Journal  of  the  Institute 
that  President  Wason  will  present  a 
medal  annually  to  the  member  con- 
tributing the  best  paper. 

ANNUAL     ADDRESS     OF     PRESIDENT 

President  Richard  L.  Humphrey 
in  his  annual  address  reviewed  the 
growth  in  the  use  of  concrete  in  the 
last  decade  and  the  part  which  the 
American  Concrete  Institute  has 
))layed  in  that  growth.  He  men- 
tioned that  in  this  time  the  organiza- 
tion has  had  presented  at  its  conven- 
tions 236  papers  and  5Q  committee 
reports  and  that  the  Proceedings, 
published  in  10  volumes  make  .5,858 
pages.  In  closing  he  paid  a  tribute 
to  his  successor  in  the  presidency, 
Leonard  C.  Wason,  as  a  devoted  sup- 
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porter  of  the  work  of  the  Institute. 

The  opening  session  of  tlie  conven- 
tion was  held  on  the  morning  of 
Feb.  9-  The  opening  address  of 
welcome  was  made  by  Warren  C. 
!McGann,  Commissioner  of  Public 
Works,  Chicago.  He  presented  the 
compliments  of  Mayor  Harrison. 


Papers,  Reports  and  Discus- 
sions on  Concrete  Roads 

PRESENT    PRACTICE    IN    CONCRETE 
ROAD     CONSTRUCTION 

Percy  H.  Wilson,^  presented  un- 
der the  title:  "Review  of  Present 
Practice  in  Concrete  Road  Construc- 
tion," a  summary  of  present  prac- 
tice and  sketched  the  increase  in  the 
amount  of  concrete  paving  work, 
which  he  said  in  191^  was  about 
15,000,000  sq.  yds.  in  the  U.  S.,  or 
more  than  in  all  previous  years  com- 
]f)ined.  He  recommended  further  in- 
vestigation of  suitable  aggregates, 
indicated  an  absence  of  necessity  for 
the  use  of  metal  protection  plates  at 
joints  and  suggested  more  thorougli 
curing  methods. 

THE   SERVICE   TEST   CONCRETE   ROAD   IN 
PHILADELPHIA 

A  paper  by  William  H.  Connell,' 
"The  Service  Test  Concrete  Road  in 
Philadelphia,"  was  read  by  Mr. 
Fish.  This  described  the  methods 
which  are  being  used  in  the  construc- 
tion of  what  is  known  as  the  Oxford 
Pike  Service  Test  Concrete  Road- 
way. The  entire  work  is  to  extend 
over  a  length  of  a  little  more  than 
two  mi.  Each  section  of  concrete 
will  have  a  length  of  2.250'.  divided 
in  two  sub-sections.  The  object  of 
the  work,  which  was  undertaken  af- 
ter consultation  with  tlie  Assn.  of 
Am.  Portland  Cement  Mfrs.,  is  to 
construct  a  concrete  road  to  give  good 
service  where  the  traffic  comes  direct- 
ly on  the  concrete  and  "to  try  out 
certain  types  of  bituminous  surfaces 
on  the  different  characters  of  con- 
crete construction,  embodied  in  the 
various  sections  of  this  roadway, 
with  a  view  to  finding  some  such  ma- 
terial as  could  be  aplied  with  a  thick- 
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ness  of  not  over  Vi"?  that  would  ad- 
here to  the  concrete  and  not  peel  off, 
as  has  been  the  case  with  practically 
all  of  these  film  coat  bituminous  sur- 
face treatments."  The  work  was  be- 
gun Oct.  4,  1914. 

REINFORCING    NARROW    CONCRETE 
ROADS 

John  Mueller'  presented  a  paper 
on  "Reinforcing  Narrow  Concrete 
Roads,"  in  which  he  reviewed  some 
of  the  reports  and  discussions  of  the 
National  Conference  on  Concrete 
Road  Building.  He  pointed  out  that 
while  engineers  generally  agreed 
upon  the  advisability  of  reinforcing 
concrete  roads  when  wider  than  20', 
he  proposed  to  go  further  in  urging 
that  narrow  roads  also  be  reinforced. 
He  enumerated  the  causes  of  cracks 
in  concrete  roads  as  follows:  1,  un- 
certain foundations ;  2,  changes  in 
moisture  content;  3,  changes  during 
setting  period;  4,  temperature 
changes ;  5,  thickness  of  pavement ; 
6,  length  of  slab;  7,  irregular  sur- 
face of  sub-grade.  He  proposes 
practically  to  eliminate  cracking  by 
the  use  of  reinforcing.  He  believes 
the  slab  should  be  reinforced  near 
the  top  but  that  there  should  be 
further  reinforcement  near  the  bot- 
tom of  the  slab  whenever  the  founda- 
tion is  uncertain  and  the  drainage 
not  well  cared  for.  He  said  that 
suitable  reinforcement  could  be  pro- 
vided for  from  6  cts.  to  8  cts.  per 
sq.  yd. 

REPORT    OF    COMMITTEE    ON    CONCRETE 
ROADS 

In  the  absence  of  A.  N.  Johnson,^ 
chairman  of  the  Committee  on  Con- 
crete Roads,  the  report  was  present- 
ed by  W.  M.  Kinney,"  who  read  the 
suggested  changes  in  the  printed 
proposed  specifications"  of  the  In- 
stitute and  these  will  be  submitted  to 
letter  ballot  of  the  members. 

CONCRETE    ROADS    AND     FROST    ACTION 

Andrew  M.  Lovis'  presented  a  pa- 
per, "Concrete  Roads  and  Frost  Ac- 
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tion,"  in  which  he  emphasized  the 
importance  of  sub-grade  prepara- 
tion, putting  jDarticular  emphasis  on 
drainage. 

COST   OF    CONSTRUCTION   AND   MAINTE- 
NANCE   OF    CONCRETE    ROADS 

A  paper  by  H.  J.  Kuelling'  on 
"Cost  of  construction  and  Mainte- 
nance of  Concrete  Roads"  is  in  ab- 
stract as  follows: 

After  the  quality  and  the  thickness  of 
concrete  to  be  built  have  been  determined 
there  are  naturally  many  local  condi- 
tions that  will  have  a  marked  bearing 
on  the  results;  such  as  lengths  and  kind 
of  roads  available  to  haul  material  over, 
facilities  for  unloading  and  hauling  ag- 
gregates and  cement;  amount  of  labor 
available;  the  necessity  for  camps;  the 
distance  and  elevation  that  water  must 
be  carried  and  also  its  source;  the  avail- 
ability of  suitable  aggregates,  whether 
they  must  be  washed,  or  crushed  or  ship- 
ped by  rail;  the  weather  conditions  that 
are  liable  to  exist.  Any  or  several  of 
these  conditions  may  have  a  marked  ef- 
fect on  the  cost  of  construction.  Given 
answers  to  these  questions  or  conditions, 
the  problem  of  figuring  the  cost  becomes 
much  simplified. 

Assuming  the  standard  Wisconsin 
State  specification  which  calls  for  a  1:2: 
3l^  mix  and  assuming  a  pavement  with 
an  average  thickness  of  7",  I  will  at- 
tempt to  show  you  how  we  arrive  at  our 
estimates  of  costs.  Some  of  the  state- 
ments may  seem  like  the  A.  B.  C.  of  en- 
gineering, but  will  jjerhaps  be  of  assist- 
ance to  laymen. 

With  an  average  thickness  of  7"  we  al- 
low only  five  sq.  yds.  per  cu.  yd.  of  con- 
crete, allowing  the  extra  inch  as  a  factor 
of  safety. 

With  a  1:2:3V2  "lix  we  know  we  need 
approximately  Y^  cu.  yd.  of  sand  and 
about  0.84  cu.  yds.  of  aggregate  or  a 
total  in  all  of  about  1^  cu.  yds.  of  ma- 
terial for  one  cu.  yd.  of  concrete.  No 
suitable  material  is  available  without 
shipping  in  by  rail  and  we  find  that 
washed  sand  and  gravel  can  be  laid  down 
at  almost  any  siding  in  the  country  for 
$1.00  per  cu.  yd.  of  sand  or  gravel,  the 
sand  to  weigh  3,000  lbs.  per  cu.  yd.  and 
the  aggregate  a  little  less,  depending 
upon  the  idea  of  the  dealer. 

This  brings  our  sand  and  gravel  for 
one  cu.  yd.  of  concrete  to  about  $1.33  or 
about  27  cts.  per  sq.  yd.  of  road. 

The  next  problem  encountered  is  un- 
loading this  material  onto  the  hauling 
vehicle.  In  our  case  nearly  all  has  been 
done  by  hand.  Allowing  for  lost  time 
due  to  rain,  switching  of  cars  and  wait- 
ing for  teams  and  figuring  at  from  $2.25 
to  $2.50  per  da.  of  10  hrs.,  we  have  a 
cost  of  5  cts.  per  sq.  yd.  for  unloading. 
This  may  be  reduced  a  little,  but  we  have 
found  it  safer  not  to  expect  too  much 
from  shovelers,  especially  in  hot  weather. 

The  next  item  is  the  most  variable  of 
any,  perhaps  in  the  entire  cost,  that  of 
hauling.  The  length  of  haul,  the  method 
of  hauling  and  the  kind  of  roads  to  haul 
over,  all  have  a  marked  bearing  on  the 
results;  here  also  possible  weather  con- 
ditions must  be  taken  into  account,  for 
after  a  rain  the  size  of  load  and  number 
of  trips  must  be  materially  reduced.  Where 
steep  grades  are  encountered,  extra  teams 
must  be  figured  upon.  Assuming  an 
average  haul  of  Sy^  mi.,   a  team  would 
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average  about  Sy,  trips  per  da.  under 
our  conditions  or  about  17  mi.  per  10- 
hr.  da.  in  the  various  kinds  of  weather, 
it  costs  $0'.00  per  da.,  which  we  often  are 
forced  to  pay,  and  assuming  an  average 
of  1%  cu.  yds.  per  load  we  arrive  at  a 
cost  of  $1.35  per  cu.  yd.  of  concrete  or 
27  cts.  per.  sq.  yd.  of  road. 

The  mixing  and  placing,  under  which 
we  include  all  labor  connected  with  the 
job  such  as  watchmen,  pumpmen,  smootii- 
ing  grade,  etc.,  will,  with  our  labor  con- 
ditions and  allowing  for  lost  time  and 
overhead  expenses,  come  to  about  $1.00 
per  cu.  yd.  or  20  cts.  per  sq.  yd. 

In  case  steel  joints  are  placed  these 
will  come  to  about  2i4  cts.  for  the  steel 
and  V2  ct.  for  the  felt  when  placed  50' 
apart  and  y^"  in  thickness  of  felt. 

The  cost  of  furnishing  water  is  rather 
uncertain  for  the  amount  of  pipe  neces- 
sary ma}'  vary  from  one  mi.  to  three  mi. 
or  even  more  mi.  per  job.  Assuming 
two  mi.  of  pipe  at  a  rental  of  2  cts.  per 
foot  for  use  in  placing  a  road  one  mi. 
long  we  have  a  water  cost  of  about  2 
cts.  per  cu.  yd. 

For  carrying  liability  insurance  a  con- 
tractor must  add  about  1%  cts.  in  our 
state. 

The  depreciation  on  machinery  we  have 
found  to  be  about  P/4  cts.  per  sq.  yd. 

Trimming  up  the  shoulders  will  re- 
quire an  additional  expenditure  of  about 
1  ct. 

The  items  as  enumerated  bring  us  to 
a  total  of  87%  cts.,  to  which  we  add  a 
reasonable  profit  when  figuring  what  a 
contractor  should  bid. 

Since  we  furnish  cement  in  all  cases 
we  add  our  cement  cost  only  after  the 
profit  percentage  has  been  included. 
With  cement  at  $1.14  per  bbl.  on  cars 
and  20  cts.  per  bbl.  for  cartage,  we  ar* 
rive  at  a  cost  of  about  $2.25  per  cu.  yd. 
of  concrete  for  cement  or  45  cts.  per  sq. 

yd. 

This  gives  us  a  total  of  $1.33  without 
a  contractor's  profit,  under  the  condi- 
tions we  met  in  1913.  Work  done  in  1913 
by  force  account  varied  from  $1.30  to 
$1.61  and  that  done  bv  contract  varied 
from  $1.24  to  $1.72,  the  variations  de- 
pending entirely  upon  the  local  condi- 
tions. 

In  1914  with  cement  slightly  higher 
but  with  lal)or  and  terms  considerably 
cheaper,  but  other  conditions  about  as  in 
1913,  the  costs  in  Milwaukee  Co.  varied 
from  $1.10  to  $1.45. 

An  engineer  should  thus  be  able  to 
compute  the  cost  of  the  various  items  in 
his  community  and  separate  the  labor 
and  material  into  fairly  definite  percent- 
ages for  each  job.  He  will  find  that 
cement  will  vary  the  least,  while  haul- 
ing labor  will  vary  the  most. 

In  conclusion  on  the  question  of  cost 
of  construction,  I  want  to  repeat  that  it 
is  merely  a  guess  imless  all  local  condi- 
tions are  considered. 

Maintenance — The  question  of  main- 
tenance is  one  that  will  vary  with  the 
quality  of  concrete  in  the  road.  In  other 
words,  concrete  that  is  of  uniform  tex- 
ture will  wear  in  a  manner  similar  to 
sandstone  blocks  and  therefore  demand 
very  little  maintenance  whetlier  the  ag- 
gregate be  of  hard  or  of  fairly  soft  ma- 
terial; the  harder  and  tougher  the  sand 
and  stone,  the  longer  the  life  of  the 
pavement.  Where  the  mortar  and  the 
aggregate  are  allowed  to  become  separ- 
ated when  the  concrete  is  being  placed, 
there  is  certain  to  be  an  uneven  wearing 
of  the  surface  which  naturally  becomes 
more  and  more  pronounced  as  the  traffic 


pounds,   in    falling   into  or   climbing   out 
of  the  depression. 

It  would,  therefore,  seem  tliat  the  first 
maintenance  required  in  a  concrete  road 
is  to  get  as  uniform  and  tough  an  ag- 
gregate as  possible  and  then  to  be  sure 
that  the  concrete  is  properly  mixed  and 
placed.  In  case  small  depressions  do  oc- 
cur the  time  to  look  after  them  is  as  soon 
as  they  appear.  We  believe  the  best 
method  to  be  about  as  follows: 

The  surface  should  be  first  swept  with 
a  steel  broom  to  loosen  any  dirt;  after 
tliis  the  spot  should  be  thoroughly  swept 
with  fiber  street  brooms  to  remove  the 
fine  dust  which  the  steel  brooms  leave 
behind;  we  use  ordinary  house  brooms 
which  leave  the  surface  in  a  fairly  clean 
condition. 

The  depression  is  then  covered  with 
hot  Tarvia  X  and  covered  with  coarse 
sand  or  screenings  and  opened  to  traflBc. 
In  case  the  depression  is  of  considerable 
depth,  or  what  might  be  called  a  hole, 
I  would  advise  one  of  two  methods. 
First  (in  case  it  is  desired  to  avoid  de- 
laying traffic)  clean  the  depression  as  al- 
ready described,  and  then  paint  it  with  a 
tar,  upon  wiiich  bring  the  whole  to  grade 
with  crushed  stone,  being  careful  not 
to  have  stone  as  large  in  size  as  the  depth 
of  the  depression.  Tamp  the  stone  in 
place  with  hand  tampers  or  roll  with  a 
roller,  if  one  is  available,  and  fill  the 
voids  with  a  heavy  bituminous  road  bind- 
er, allowing  about  one  gal.  per  sq.  yd. 
per  in.  in  depth.  The  second  method  is 
to  cut  the  poor  place  out  entirely  and 
after  trimming  the  hole  and  thoroughly 
sprinkling  the  sides,  fill  with  the  same 
mixture  as  was  used  in  the  original  road. 
After  pouring  the  concrete,  treat  the 
same  as  in  reconstruction. 

Small  defects,  due  to  balls  of  clay, 
sticks  or  coal  getting  into  the  aggregate, 
may  be  best  repaired  the  same  as  de- 
scribed for  shallow  depressions.  T^e 
same  is  true  of  the  battered  joints  or 
cracks  that  may  appear. 

We  consider  it  economy  to  have  a 
small  maintenance  crew  go  once  or  twice 
each  year  over  all  the  roads  in  the 
county.  Such  a  crew  consists  of  a  fore- 
man, 1  team  and  4  laborers.  This  crew 
will,  under  average  conditions  in  Mil- 
waukee Co.,  cover  all  the  joints,  cracks 
and  small  pits  in  from  one  mi.  to  two 
mi.  of  18-ft.  road  in  one  da.  at  a  cost  of 
from  $15.00  to  $30.00  per  mi.  for  labor 
and  material. 

When  it  is  deemed  advisable  to  cover 
the  entire  surface,  the  same  method  of 
cleaning  may  be  followed  excepting  that 
most  of  the  dirt  may  be  removed  with 
a  power  sweeper  and  the  tar  applied 
with  a  power  sprayer.  After  the  first 
treatment  of  14  gal.  to  ^/^  gal.  of  tar 
has  been  applied,  a  second  may  be  add- 
ed in  the  same  manner  excepting  that 
an  asphalt  may  be  substituted  for  the 
tar  as  it  will  adhere  to  the  tar  already 
placed  where  it  will  not  to  the  concrete. 
We  have  several  pieces  treated  in  differ- 
ent manners  as  to  materials  used  and  we 
are  looking  forward  with  interest  to  see 
in  what  condition  they  appear  this 
spring. 

Treatment  of  concrete  roads  as  la  whole, 
whether  necessitated  by  poor  workman- 
ship, defective  materials,  or  freezing,  is 
considered  a  rathier  expensive  process  com- 
pared with  spending  more  in  the  original 
cost  and  getting  a  road  of  a  quality  that 
will  not  require  such  a  coating  for  many 
years.  P2ven  if  a  treatment  will  last  for 
two  seasons,  which  is  very  doubtful  un- 
der conditions  of  hea%y  mixed  traffic, 
the  cost  will  come  to  several  hundred  dol- 
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lars  per  mi.  per  yr.  Of  course  such  a 
coating  has  some  adv^antages  such  as  act- 
ing as  a  cushion  to  horses,  preventing 
wear  on  the  concrete  itself,  doing  away 
with  glare  and  being  applied  without  de- 
laying traffic.  On  the  other  hand  it 
makes  the  road  more  slippery  and  a  lit- 
tle less  clean.  The  writer  believes  that 
the  time  is  not  far  distant  when  a  coat- 
ing of  concrete  1"  or  more  in  thickness 
will  be  applied  to  a  poorly  built  concrete 
road  and  made  to  stay  there,  thus  giving 
an  entirely  new  wearing  surface. 

In  conclusion  we  believe  that  mainten- 
ance varies  inversely  as  the  quality  and 
uniformity  of  the  concrete  in  the  road, 
not  arithmetically  but  more  nearly  geo- 
metrically, due  to  the  uniform  wearing 
of  a  uniform  concrete. 

COST    OF    CONCRETE    ROADS 

A  paper  by  Percy  H.  Wilson  on 
"Comparative  Cost  of  Concrete 
Roads"  reviewed  data  collected  by 
the  Assn.  of  Am.  Portland  Cement 
Mfrs.  from  all  parts  of  the  U.  S. 


Reinforced  Concrete — Design 
and  Construction 

CONCRETE    UNDER    MICROSCOPE 

Nathan  C.  Johnson*  contributed 
interesting  food  for  thought  in  an 
address  which  discussed  the  nature 
of  concrete  as  revealed  by  examina- 
tion under  a  microscope.  The  ad- 
dress was  illustrated  by  numerous 
lantern  views  from  micro-photo- 
graphs. Mr.  Johnson  said  he  had  no 
special  theory  to  advance  except  as 
to  the  importance  which  he  believes 
attaches  to  a  better  knowledge  of 
concretes — a  knowledge  which  starts 
from  an  examination  of  the  material 
itself  with  the  aid  of  a  microscope  to 
show  its  structure.  He  especially 
dwelt  upon  the  fact  that  practically 
all  concretes  reveal  a  surprisingly 
large  quantity  of  unhydrated  cement, 
apparently  due  to  the  difficulty  in 
diffusing  the  water  in  the  mix,  and 
that  the  importance  of  grading  and 
mixing  is  shown  by  the  voids  which 
the  microscope  reveals. 

TEST    OF    A     CONCRETE     SLAB 

Because  of  the  uncertainty  exist- 
ing among  bridge  designers  and  con- 
crete engineers  regarding  the  distri- 
bution throughout  a  concrete  slab  of 
the  effects  of  loads,  the  U.  S.  Office 
of  Public  Roads,  about  three  years 
ago,  undertook  a  series  of  experi- 
ments to  determine,  if  possible,  the 
effective  width  of  reinforced  con- 
crete slab  under  various  conditions 
of  loading.  The  results  of  this  in- 
vestigation are  given  in  a  paper 
"Test  of  a  Reinforced  Concrete 
Slab,""  by  E.  B.  McCormick." 

"Engr.  Tests,  Raymond  Concrete  Pile  Co., 
N.  Y.  C. 
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Some  interesting  results  were  ob- 
tained at  first  with  slabs  7'  x  9',  us- 
ing a  span  of  6',  but  it  soon  became 
apparent  that  the  size  of  the  slab 
must  be  increased  if  definite,  corro- 
borative results  were  to  be  secured. 
As  a  consequence,  a  slab  was  made 
in  the  summer  of  1914,  measuring 
12"  thick  by  32'  wide  and  with  a 
span  of  l6',  and  designed  for  a  fiber 
stress  of  Q59  lbs.  per  sq.  in.  along 
the  top  surface.  The  reinforcement 
consisted  of  %-in.  sq.  bars,  spaced 
71/4"  o.  c.  Cylinders  8"  x  W  cast 
from  the  same  mix  showed  a  modulus 
of  elasticity  of  2,900,000  at  an  age 
of  6  wks. 

Nov.  l6,  1914,  this  slab  was 
tested  to  destruction  with  a  total 
load  of  119,000  lbs.  applied  by 
means  of  a  150-ton  hydraulic  jack  at 
the  center  on  a  plate  12"  x  24",  the 
width  of  slab  over  which  failure  ex- 
tended being  about  17'. 

The  work  will  be  continued  until  a 
sufficient  number  of  slabs  has  been 
tested  to  warrant  the  deduction  of 
definite  laws  relating  to  the  distribu- 
tion of  stresses  in  loaded  concrete 
slabs.  There  is  now  under  construc- 
tion a  thinner  slab  of  the  same  area, 
per  cent,  of  reinforcement  (0.75) 
and  proportions  of  materials.  The 
tests  on  this  slab  will  include  meas- 
urements to  determine  fiber  stresses 
on  the  bottom  of  the  slab  and  also 
the  slippage  of  the  reinforcement, 
and,  if  possible,  what  effect  the 
thickness  of  the  slab  has  on  the  ef- 
fective width. 

THE      DESIGN     OF      CONCRETE      BRIDGES 

WITH    SPECIAL    REFERENCE    TO 

STANDARDIZATION 

The  object  of  a  paper  by  C.  B. 
McCullough"  on  "The  Design  of 
Concrete  Bridges  and  Special  Refer- 
ence to  Standardization"  is  to  dis- 
cuss in  relative  order  of  time  and 
importance,  stream  behavior  and  its 
effect  on  design,  the  question  of 
loadings,  the  calculation  of  stresses 
and  the  working  out  of  details  as  ap- 
plied to  highway  bridges. 

In  treating  the  question  of  bridge 
design,  according  to  Mr.  McCul- 
lough,  a  study  of  stream  conditions 
logically  asumes  first  place  in  point 
of  time  and  may  be  so  placed  in  or- 
der of  importance,  particularly  if 
the  construction  is  of  concrete,  inas- 
much as  this  material  when  once  mis- 
placed can  be  corrected  only  at  a 
tremendous  expenditure.  Certain 
conditions  affecting  the  selection  of 
the  type  of  bridge,  such  as  available 
materials,  headroom,  accessibility  of 
concrete,  etc.,  are  largely  local  and 
must  be  worked  out  for  each  individ- 
ual structure,  but  their  relationship 

i^Design.  Engr.,  la.  Highway  Comm.,  Ames, 
la. 


to  stream  development  and  topo- 
graphy is  extremely  important  in 
fixing  the  type  chosen  for  standard 
construction  for  small  work  over 
any  considerable  area.  The  neces- 
sity for  a  study  of  stream  erosion  as 
h  part  of  each  bridge  survey  cannot 
be  too  strongly  emphasized. 

Next  in  the  order  of  time  and  im- 
portance comes  the  question  of  dead 
loads  and  live  loads,  and  the  amount 
and  effect  of  internal  temperature 
variations.  The  total  load  distribu- 
tion may  be  considered  as  composed 
of  two  portions;  that  due  to  the 
strength  of  the  section  itself  and 
that  due  to  the  fill  or  covering  mate- 
rial. 

The  determination  of  the  internal 
temperature  range  in  concrete  was, 
during  the  years  1908  to  1912,  made 
the  subject  of  a  series  of  experi- 
ments by  the  Iowa  State  College 
Engrg.  Exp.  Sta.  and  the  Iowa  State 
Highway  Comm.  Based  on  the  re- 
sults of  these  experiments  the  fol- 
lowing  conclusions   were   stated: 

1.  The  yearly  range  in  temperature 
in  a  reinforced  concrete  arch,  typical  of 
the  highway  arch  construction  in  Iowa 
is,  in  this  latitude,  not  far  from  80"  F. 

2.  The  relation  between  the  depth  of 
concrete  covering  at  any  point  and  the 
yearly  temperature  range  varies  from 
about  90°  F.  at  the  6"  from  the  exposed 
surface  to  70°  F.  at  3'  4"  from  the  same 
surface. 

The  results  of  the  foregoing  in- 
vestigation lead  to  stress  values 
many  times  in  excess  of  those  which 
have  heretofore  been  assumed  to  re- 
sult from  temperature  variation  and 
have  considerably  modified  the  shape 
and  size  of  the  concrete  highway 
arch  as  adopted  in  Iowa. 

In  the  design  of  concrete  arches, 
it  has  been  customary  among  many 
designers  and  engineers  to  allow  an 
arbitrary  percentage  of  from  10% 
to  20%  of  the  dead  load  and  the  live 
load  stresses  to  cover  stresses  in- 
duced by  temperature  change.  All 
stress  values  then  become  a  function 
of  the  external  loading  and,  accord- 
ing to  Mr.  McCullough,  the  follow- 
ing relationships  can  be  easily 
shown  to  exist: 

1.  For  a  given  span  the  moments  are 
independent  of  the  rise  but  the  thrusts 
vary  inversely  as  the  rise. 

2.  The  fiber  stress  being  largely  deter- 
mined by  the  bending  moment  rather 
than  the  thrust  does  not  increase  rap- 
idly with  a  decrease  in  rise  and  analvses 
of  very  flat  arches  often  fail  to  indi- 
cate serious  overstress. 

3.  The  unit  fiber  stresses  vary  approx- 
imately as  the  bending  moment  and  in- 
versely as  the  square  of  the  depth  of 
section.  Thus  a  condition  of  overstress 
can  be  remedied  by  simply  increasing 
the  section,  as  the  moments  and  thrusts 
remain   practically   unchanged. 

In  view  of  the  fact  that  the  tem- 
perature variation,  particularly  for 
light  highway  loadings,  becomes  the 
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determining  factor,  the  following 
relationships  which  can  easily  be 
proven  seem  to  have  an  important 
hearing  on  the  limitation  of  the  de- 
sign : 

1.  For  a  given  span  the  moment  due 
to  temperature  varies  inversely  as  the 
rise  and  tlie  corresponding  tiirust  varies 
inversely  as  the  second  power  of  the 
same.  Thus  a  slight  decrease  in  rise  will 
produce  a  material  increase  in  ring 
stress. 

2.  While  the  fihcr  stresses  for  a  given 
moiueiit  vary  inversely  as  the  square  of 
the  dejjth  of  section  it  must  he  remem- 
hered  that  in  dealing  with  temperature 
changes  the  moments  themselves  vary  di- 
rectly as  the  cuhe  of  the  depth  of  sec- 
tion, llius  when  the  temperaturee  mo- 
ment constitutes  the  largest  part  of  the 
total  moment  an  increase  in  section  oft- 
times  operates  to  increase  rather  than 
decrease  the  unit  fiber  stresses. 

3.  The  stresses  due  to  temperature  are 
maximum  at  the  crown  and  spring  line 
of  the  arch  hut  of  opposite  sign.  These 
decrease  from  crown  to  spring  line  pass- 
ing through  a  zero  value  and  assume 
their  original  or  crown  values  at  a  point 
near  the  quarter  (this  point  can  be  de- 
termined exactly  for  every  arch,  it  being 
dependent  upon  the  shape  and  size  of  the 
arch  ring). 

From  the  first  two  considerations 
it  is  at  once  apparent  that  for  each 
span  length  there  will  be  a  limiting 
niininuim  rise  beyond  which  it  is  not 
safe  to  design.  From  the  third  con- 
sideration it  is  apparent  that  for 
light  highway  loadings  in  which  tem- 
perature stresses  are  largely  govern- 
ing tliere  need  be  in  general  but 
sliglit  increase  in  section  between 
the  crown  and  the  quarter  point. 

RKINFORCED    CONCRETE    HIGHWAY 
imiDGES    AND    CULVERTS 

It  was  deemed  desirable  by  the 
Committee"  on  Reinforced  Concrete 
Highway  Bridges  and  Culverts  to 
cover  certain  points  in  specifications 
for  reinforced  concrete  highway 
bridges  and  culverts  by  definite 
specifications,  but  certain  other 
points  must  be  varied  according  to 
the  special  circumstances  of  the  case 
and,  tlierefore,  what  is  considered  to 
be  the  best  engineering  practice  is 
.stated  and  recommended  for  adop- 
tion by  the  public. 

Specifications  and  recommenda- 
tions were  submitted,  not  as  final, 
nor  even  as  voicing  the  unanimous 
opinion  of  the  members  of  the  Com- 
mittee, but  merely  as  preliminary 
suggestions,  in  the  ho|)e  of  bringing 
out  the  discussion  of  doubtful  points 
and  information  regarding  questions 
which  the  Committee  could  not  an- 
swer. 


"Chmn.,  Willis  Whlted,  Drirlge  Engr.,  State 
Highway  Dept.,  Harrisburp,  Pa.  Report  pub- 
lislicd  Journal,  Am.  Conrrete  Institute,  Vol. 
Ill,    No.    2,   p.    117,    Feb.,    1915 
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REINFORCED      CONCRETE      AND      BUILD- 
ING   LAWS 

The  Committee  on  Reinforced 
Concrete  and  Building  Laws  pre- 
sented the  results  of  tests"  of  24 
reinforced  concrete  columns  of  large 
size  having  a  variety  of  reinforce- 
ment, both  longitudinal  and  lateral. 
In  the  tests,  measurements  were  made 
to  find  the  deformation  in  various 
l)arts  of  the  column,  including  the 
stretch  in  the  spiral  rinforeement. 
This  set  of  tests  is  a  part  of  a  pro- 
gram laid  out  by  the  Committee  for 
the  purpose  of  determining  the  in- 
fluences of  both  spiral  reinforcement 
and  longitudinal  reinforcement  upon 
the  structural  properties  of  columns. 

The  results  of  these  tests  warrant 
the  following  conclusions: 

1.  They  seem  to  confirm  the  current 
practice  as  to  the  effect  of  varying  per- 
centag-es  of  longitudinal  reinforcement 
within  the  range  of  these  tests  as  ex- 
])ressed  in  the  following  formula: 

f  i=:fc    (1— p)   -f  nfc  p 
where  f  ^  average    unit    load     over    the 
whole  column  section 
fc=compressive  unit  stress  in  con- 
crete 
p  z=  ratio  of  the  area  of  longitud- 
inal   reinforcement     to     the 
area  of  the  column  section 
n  =  ratio  of  the   modulus   of  elas- 
ticity of  steel  to  the  modulus 
of  elasticity  of  concrete 
9.     They    indicate    that    columns    with 
s])iral    reinforcement    are    stronger    and 
tougher  than  coluinns  with  no  spiral  re- 
inforcement. 

3.  For  these  tests  it  would  ;ippear 
that  the  spiral  reinforcement  is  ajiprox- 
imately  four  times  as  effective  in  giving 
ultimate  strength  to  the  column  as  the 
same  volume  of  longitudinal  reinforce- 
ment. 

4.  It  apj)cars  that  the  effect  of  the 
longitudinal  reinforcement  decreases  as 
the  percentage  of  sj)iral  reinforcement 
increases. 

REINFORCED   CONCRETE    STANDS, 
STADIA    AND    BOWLS 

In  a  ))aper  by  Chas.  W.  Leavitt'" 
on  "Reinforced  Concrete  Stands, 
Stadia  and  Bowls"  it  is  stated  that 
about  the  year  72  A.  D.,  Vesj)asian 
built  the  Colosseum  at  Rome  of 
stone,  brick  and  concrete,  decorated 
with  marble.  The  structure  still 
stands  as  an  object  lesson  wortliy  of 
exhaustive  study,  not  only  for  its 
decorative  beauty,  but  also  for  its 
s^^steIn  .  of  underground  chamber.'', 
dens,  drains  and  general  construc- 
tion. In  fipitc  of  the  fact  that  about 
two-thirds  of  the  building  material 
of  the  Colosseum  was  carried  off  in 
the  Middle  Ages  and  used  elsewhere, 
it  is  still  a  wonderful  lesson  in  dura- 
bility. 

The  concrete  stand,  stadium  or 
"bowl,"    reinforced    with    steel,    pre- 
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sents  today  in  a  great  many  cases, 
according  to  Mr.  Leavitt,  the  best 
sohition  of  the  problems  of  economy, 
stability  and  durability.  It  is  usual- 
ly cheaper  than  all-steel,  is  not  so 
liable  to  decay,  is  more  stable  than 
steel  and  involves  a  minimum  cost 
of  maintenance. 

The  stadium  at  Lehigh  Univ., 
South  Bethlehem,  Pa.,  designed  by 
the  author  of  this  paper,  i.^  of  rein- 
forced concrete,  and  when  com- 
pleted will  enclose  a  field  200'  x 
600'  entirely  on  two  sides  and  partly 
on  two  others,  leaving  one  corner 
open.  The  entire  athletic  field  is 
arranged  on  two  terraces,  with  a  drop 
of  i^iV  between  them.  The  upper 
))lateau  contains  the  practice-field, 
running  tracks,  buildings  and  park- 
ing sjiace;  the  lower  plateau  con- 
tains the  stadium,  including  the 
gridiron   and   the   baseball   diamond. 

The  old  grass-stepped  banks  from 
which  many  of  the  English  sports 
have  been  witnessed  were  the  source 
of  the  idea  of  the  bowl,  and  rein- 
forced concrete  seems  to  be  the  best 
medium  for  future  development  of 
this  idea.  The  problem  now  is  to 
make  a  suitable  foundation  that  will 
permit  a  minimum  amount  of  con- 
crete to  be  used. 

DESIGN     AND     CONSTRUCTION     OF     THE 

MASSACHUSETTS     INSTITUTE     OF 

TECHNOLOGY    BUILDINGS 

Sanford  E.  Thom))son"  spoke 
from  notes  on  the  construction  of  a 
large  group  of  buildings  for  the 
Mass.  Inst,  of  Tech.  His  talk  was 
illustrated  b}'  lantern  views.  This 
work  will  be  covered  in  detail  in  a 
paper  by  Mr.  Thompson  to  be  com- 
pleted later  and  embodied  in  the 
Proceedings  of  the  Institute. 

THE     MANUFACTURE     AND     LAYING     OF 
CONCRETE    SEWER    PIPE 

A  paper  by  Henry  T.  Shelley"  on 
"The  Manufacture  and  Laying  of 
Concrete  Sewer  Pi]ie."  will  be  pre- 
sented in  full  in  this  magazine. 

TESTE    OF    CIRCULAR    AND    EGG-SHiVPED 

REINFORCED     CONCRETE     SEW'ER 

PIPE 

In  a  p,i|)er  by  Alfred  T.  Gold- 
l)eck"  on  "Tests  of  Circular  and 
Kgg-Shaped  Reinforced  Concrete 
Sewer  Pi])e"  are  given  the  results  of 
a  scries  of  tests  on  concrete  pipe  for 
sewers,  which  had  not  ))reviously 
l)een  used  in  Pliiladelpliia.  The  cir- 
cul.ar  pipe  was  tilV  in  diameter  and 
1-"  tiiick;  the  egg-shaj)ed  })il)e  was 
til)"  high  and  21."  wide,  .^l/s"  thick, 
with  a  Hat  base  8"  wide.    The  aggre- 

"Consult.    Rngr.,    Newton    Highlands,    Mass. 
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ovitcs  were  N.  J.  bank  saiul  and  well 
graded  ^-in.  crusher-run  trap  rock. 
Some  pipes  with  slag  aggregate  were 
also  tested,  the  slag  weighing  74.7 
lbs.  per  cu.  ft.,  when  shaken  to  re- 
fusal in  a  cu.  ft.  measure.  Tlic  con- 
crete was  machine-mixed  in  the  ap- 
])roximate  proportions  of  1:2:3|,A. 
The  ])ipes  were  reinforced  with  tri- 
angular mesh.  Both  air-  and  steam- 
cured  pipes  were  tested.  The  ])i])es 
were  required  to  sustain  an  imposed 
load  of  1,000  lbs.  per  sq.  in.  before 
the  first  hair-crack  showed. 

The  following  conclusions  are 
stated  in  the  paper: 

1.  Reinforced  concrete  pipes,  when 
properly  made  and  properly  cured,  are 
very  satisfactory  for  the  construction  of 
sewers. 

2.  The  use  of  a  concrete  cradle  great- 
ly increases  the  stiffness  of  the  pipe  and 
raises  the  load  under  which  initial  crack- 
ing takes  place. 

3.  For  sections  of  the  size  tested  and 
for  smaller  sections,  the  placing  of  the 
reinforcing  near  the  inner  face  through- 
out the  entire  circumference  seems  to  be 
justified. 

4.  The  matter  of  curing  should  he 
very  carefully  controlled,  as  much 
stronger  pijies  will  result  if  care  is  taken 
to  keep  them  thoroughly  wet,  preferably 
for  a  period  of  two  wks. 

A      CRITICAL        REVIEW        OF      CURRENT 

PRACTICE    IN    REINFORCED 

CONCRETE 

The  object  of  a  paper"  by  Ed- 
ward Godfrey/"  "A  Critical  Review 
of  Current  Practice  in  Reii^orced 
Concrete  as  Embodied  in  Building 
Regulations  and  the  Joint  Commit- 
tee Report,"  on  the  above  subject  is 
to  criticise  very  severely  some  of  the 
modern  theories  on  reinforced  con- 
crete design,  the  author  stating  that 
IDractically  all  of  the  reinforced 
concrete  failures  have  been  due  to 
faulty  design  and  generally  the  de- 
sign is  standard,  accepted  by  the 
profession. 

Mr.  Godfrey  states  that  the  Re- 
port of  the  Joint  Committee  on  Con- 
crete and  Reinforced  Concrete"  is 
the  main  subject  for  criticism  in  his 
paper,  not  because  there  is  nothing 
to  commend  in  the  Report,  but  be- 
cause the  faults  are  so  glaring  and 
have  bred  so  many  wrecks  that  the 
Report  ought  to  be  revised  at  once. 
He  emphasizes  the  fact  that  the 
recommendations  permitting  the  use 
of  plain  concrete  or  rodded  concrete 
columns  were  wrong  and  states  that 
the  only  safe  way  to  design  a  column 
is  to  use  a  spiral  or  hoops  and  up- 
right rods.  He  also  criticises  the 
same  Report  for  recognizing  stirrups 
or  shear  members  in  beam  design. 

Mr.  Godfrey  also  questions  in  his 

^■'Journal,  Am.  Concrete  Inst.,  Vol.  II.  No. 
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])ai)er  the  stability  and  strcngtii  of 
flat  slabs  designed  according  to  the 
recent     Chicago      Elat-Slab     Ordin- 

22 

ance. 

BASIS    OF     CURRENT     PRACTICE     IN    DE- 
SIGN OF  REINFORCED   CONCRETE 
STRUCTURES 

C.  A.  P.  Turner,^  in  a  paper  on 
the  "Basis  of  Current  Practice  in 
the  Design  of  Reinforced  Concrete 
Structures,"  illustrated  by  stereopti- 
con  slides,  states  that  the  universally 
accepted  basis  of  reinforced  con- 
crete design  may  be  summarized  in 
the  following  stock  quotation  from 
such  building  codes  as  the  Chicago, 
San  Francisco  and  Columbus  codes, 
and  those  of  other  cities : 

"The  adhesion  is  such  as  to  cause 
concrete  and  steel  to  act  together" — 
or  "The  bond  between  the  concrete 
and  the  steel  is  such  that  the  two 
materials  shall  act  as  a  homogeneous 
solid." 

Adhesion  or  bond  is  thus  generally 
accepted  as  the  connecting  link  be- 
tween the  concrete  and  the  metal, 
and  we  should  naturally  expect  to 
see  its  operation  discussed  in  all  the 
literature  of  the  art  found  in  text- 
books and  the  like,  but  such  discus- 
sion is  almost  entirely  lacking. 

This  paper  criticises  the  report  of 
the  Joint  Committee  on  Concrete 
and  Reinforced  Concrete  for  permit- 
ting the  use  of  plain  or  rodded  con- 
crete columns  and  urges  that  the  de- 
sign of  columns  well  hooped  and 
vertically  reinforced  be  encouraged. 
It  also  criticises  the  Design  of  Re- 
inforced Concrete  Flat  Slabs,  ac- 
cording to  the  new  Chicago  Building 
Ordinance,  stating  that  it  allows  in  a 
light  rectangular  slab  a  thickness  so 
small  that  the  true  concrete  stresses 
may  under  test  be  at  least  50% 
higher  than  would  be  computed. 

Mr.  Turner  further  states  that  the 
variation  in  the  regulation  of  dif- 
ferent cities  amounts  to  more  than 
100%  in  the  amount  of  material  re- 
quired in  the  construction  of  col- 
umns for  the  same  load.  Such  a 
variation  cannot  evidently  be  based 
on  any  rational  hypothesis. 

Mr.  Turner  also  takes  issue  in  his 
paper  with  the  critics  of  flat  slab  de- 
sign and  argues  that  it  is  not  only 
safe  but  a  perfectly  logical  design, 
going  at  some  length  into  the  mathe- 
matical and  the  empirical  formulas 
used  in  this  design.  He  states  that 
about  50%  of  the  building  codes  in 
the  U.  S.  require  50%  more  steel 
than  necessary. 

The  papers  by  Mr.  Godfrey  and 
Mr.  Turner  resulted  in  heated  and 
prolonged  discussion,  holding  the 
session  until  1  o'clock  in  the  morn- 
ing^  

-^Concrete-Cement     Ace,     Nov.,     1914,     pp. 
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A     NEW-OLD    TIIEOKV    I  f)R    RKI.NKOKCKD 
CONCRETE    BEAMS    I.V    BENDING 

In  a  paper"  by  Jj.  J.  Mcnsch^  on 
"A  New-Old  Tlutory  for  Reinforced 
C'oncr(;te  Beams  in  Bending"  it  is 
stated  that  som(t  of  the  modern  the- 
ories for  reiriff)rced  concrete  design 
are  not  practictal  and  that  they  do  not 
give  to  the  designer  any  means  of 
knowing  what  factor  of  safety  his 
constructions  have,  and  that  they  pre- 
vent a  sound  development  of  tlie  art 
of  reinforced  concrete  construction. 
Mr.  Mensch  bases  his  arguments 
upon  the  facts  that: 

,    (1)     A  i)lane  section  before  bending  is 
greatly  distorted  after  bending. 

(3)  The  ratio  of  the  modidi  of  elas- 
ticity Ixitween  steel  and  concrete  was  not 
the  same  after  cracks  appeared  in  the 
number. 

(3)  In  every  report  on  tension  fail- 
ures of  tests  of  reinforced  concrete 
beams,  we  find  that  the  ai)proaching 
failure  was  marked  by  vertical  cracks 
gradually  increasing  in  width  and  height, 
diminishing  the  compression  zone,  but 
only  rarely  the  jiroper  conclusion  is  add- 
ed that  the  beam  really  failed  finally  by 
compression  in  the  concrete  and  at  a 
stress  in  the  reinforcement  which  is 
somewhat  a  mean  of  the  elastic  limit  and 
the  ultimate  strength.  The  author  pro- 
poses to  siiow  that  the  formulas  derived 
from  the  equilibrium  conditions  at  the 
moment  of  failure  are  very  simple  and 
agree  exceedingly  well  with  tests  made 
both   here   and   abroad. 


Concrete  Products,  Stucco, 
Floors,  Architecture 

REPORT     OF     COMMITTEE     ON     CEMENT 
PRODUCTS 

C.  K.  Arp,'"  chairman,  presented 
the  report  of  the  Committee  on  Ce- 
ment Products,  in  proposed  revised 
Recommended  Practice  for  Concrete 
Architectural  Stone,  Building  Block 
and  Brick  and  for  Plain  Concrete 
Pipe  and  Drain  Tile  and  new  Pro- 
posed Recommended  Practice  for 
Concrete  Fence  Posts.''  These  will 
be  submitted  for  adoption  bv  letter 
ballot. 

CEMENT    ROOFING    TILE 

A  paper  by  J.  S.  Freund"'  gave  an 
account  of  the  development  of  con- 
crete roof  units,  particularly  as  used 
on  large  commercial  buildings.  This 
))aper  will  be  presented  in  a  later 
issue  of  this  magaine. 

SOME     PRINCIPLES     OF     DESIGN     AS     AP- 
PLIED   TO    CONCRETE    HOUSES 

Charles  E.  White,  Jr.,™  was  not 
])resent  to   read    his    paper.    "Some 
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Principles  of  Design  as  Apjjlied  to 
Concrete  Houses,"  and  it  Avas  read 
by  title  only  and  will  be  published  in 
the  Journal  of  the  Institute. 

REPORT      OF      COMMITTEE      ON      TREAT- 
MENT   OF    CONCRETE    SURFACES 

As  the  report  of  tlie  Committee  on 
Treatment  of  Concrete  Surfaces, 
Leonard  C.  Wason,  chmn.,  presented 
Proposed  Standard  Specifications 
for  Portland  Cement  Stucco  on 
Wood  Lath'"  and  an  amendment  as 
to  top  finisli"  to  the  standard  speci- 
fications for  concrete  sidewalks, 
plain  concrete  floors  and  reinforced 
concrete  floors  as  follows: 

Fine  aggregate  shall  consist  of  a 
crushed  stone  which  tests  or  experience 
have  proved  to  withstand  abrasion  well. 
The  stone  in  any  locality  that  is  most 
satisfactory  for  macadam  roads  is  suita- 
ble. It  shall  be  graded  from  fine  to 
coarse,  the  larger  particles  predominat- 
ing in  quantity,  and  passing,  when  dry, 
a  screen  having  ^/^-in.  round  holes,  and 
preferably  none  shall  pass  a  screen  hav- 
ing 30-meshes  per  lin.  in. 

This  paragraph  is  to  be  inserted 
as  follows : 

Standard  Xo.  2.  Standard  Specifica- 
tions for  Portland  Oment  Sidewalks. 
Insert  in  place  of  paragraph  (a)  ;  re- 
tain second  paragraph  of  2  (a). 

Standard  Xo.  13.  Standard  Specifica- 
tions for  Plain  Concrete  T'loors.  Insert 
in  place  of  paragraph  3  {b). 
Standard  Xo.  14.  Standard  Specifica- 
tions for  Reinforced  Concrete  Floors. 
Insert  in  place  paragraph  2  {b). 

A      NEW      AND      SIMPLE      METHOD      FOR 

SECURING    DUSTLESS    CONCRETE 

FLOORS 

A  paper  by  P.  M.  Bruner,''  "A 
New  and  Simple  Method  for  Secur- 
ing Dustless  Concrete  Floors,"  and 
the  discussion  of  this  subject,  led  by 
Leonard  C.  Wason,  which  follows, 
were  features  of  the  convention. 
Mr.  Bruner's  paper  is  as  follows: 

Portland  cement  concrete  sidewalks, 
having  a  top  coat  richer  in  cement  than 
the  concrete  of  the  body  of  the  blocks, 
are  giving  such  general  satisfaction  that 
this  paving  has  displaced  those  of  almost 
all  other  materials.  Even  for  driveways 
and  roadways,  concrete  is  beginning  to 
compete  with  other  favored  materials, 
and  with  good  prospects  of  superseding 
all  other  materials  where  the  traffic  Is 
not  excessive.  Under  these  circumstances 
it  has  been  a  ])uz7,le  to  find  out  why  the 
wearing  surface  or  top  coat  on  reinforced 
concrete  floors  Inside  of  buildings  has 
given  such  scant  satisfaction.  The  same 
composition  for  top  coating,  giving  satis- 
faction in  the  basement,  often  is  worth- 
less when  applied  to  the  reinforced  con- 
crete on  the  upper  floors.  In  the  last 
few  years  technical  papers  have  been  full 
of  complaints  and  suggestions  on  this 
point.  Under  special  and  unusual  condi- 
tions, good  floors  have  occnnionnUy  been 
laid  of  reinforced  concrete  in  the  ordin- 
ary way.  For  this  and  other  reasons 
most    experiments    seeking    to    overcome 
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the  trouble  have  also  been  successful  at 
times,  and  yet  more  often  have  been  fail- 
ures, thus  leaving  the  faultlness  uncor- 
rected and  the  cause  hidden  more  com- 
pletely  by   misdirection. 

And  here  perhaps  is  the  place  to  de- 
fine faulty,  or  so-called  "dusty"  floors. 
All  floors  are  dusty  that  wear  at  all,  and 
in  cities  all  floors  are  dusty  whether  they 
wear  or  do  not  wear;  but  in  this  latter 
case  all  of  the  dust  comes  from  sources 
other  than  the  floor  itself.  The  dusty 
floor  that  confronts  and  concerns  the 
concrete  worker  is  one  in  which  the  fine 
sand  or  other  aggregate  ravels  out  or 
rolls  out  of  its  bedding  under  moderate 
rubbing,  scratching,  or  rolling  of  wheels. 
This  produces,  incidentall^y,  both  the  ob- 
jectionable dust  and  grit." 

Such  continuous  failures  have  naturally 
created   a   demand   for  correctives  to   be 
applied    after   the    failure   has   occurred, 
or  for  hardeners  to  be  added  to  the  origi- 
nal   composition   to   assist    the   cementing 
potency    of    the    Portland     cement     suffi- 
ciently to  avoid  the  failure.     One  correc- 
tive of  a  floor  that  is  faulty  is  the  subse- 
quent   painting   with    ordinary    paint,    or 
with  paint  that  has  more  or  less  varnish 
in   it.     These   paints   serve   In   part   as   a 
wearing  cover,  and  in  part  as  an  agglu- 
tinating   agent    between    the    grains    of 
sand.      They    also    prevent    water    from 
reaching    the    interior    of    the    top    coat 
thereafter    which    otherwise    might    pene- 
trate and  aid  In  the  hardening  process  In 
the  course  of  time.     Another  corrective 
of   a   floor   that   is   denominated   "dusty" 
has  found  advocates.     In  this  process  the 
floor  Is   rubbed   or   ground  with   a  piece 
of  grindstone,  fastened  to  a  handle,  and 
assisted    by    some    loose    sand    scattered 
over  the  surface  of  the  floor.     This  work 
is  so  performed  that  the  soft  cement  be- 
tween  the   grains   of  sand   on   the  upper 
surface  of  the  floor  is  rubbed  out  with- 
out disturbina:  the  grains  of  sand  in  their 
bedding.     When  almost  the  whole  of  the 
upper  halves  of  these  grains  of  sand   is 
exposed  the  rubbing  Is  discontinued  and 
the  spaces  around  the  grains  of  sand  are 
filled  with  neat  cement  which  is  ground 
In    with    the    same    rul)bing    instrument. 
This   process  may    form   a   strong  filling 
around  the  grains  of  sand,  as  also  a  very 
thin  covering:  over  the  top  of  the  grains 
of  sand.     This  is  good  as  far  as  it  goes, 
and  will  enable  a  job  to  pass  Inspection 
that    would    not    pass    before.      It    adds, 
however,  no  strength  to  the  weakened  ce- 
ment   immediately    below    the   middle   of 
the  grains  of  sand.     On  tills  account  the 
trouble   may   return    after   the   floor   has 
liad  some  service.     Instead  of  remedving 
the  faults  of  a  finished  floor,  efforts  have 
also   been   made  to  increase  the   cement- 
ing potency  by  adding  so-called  hardeners 
to  the  Portland  cements.     The  active  in- 
gredients of  most  of  these  hardeners  are, 
chiefly,   fine   pulverized   iron   and   sal-am- 
moniac  whicli    are   suposcd   to   make   be- 
tween the  srrnins  of  sand  the  old  and  well 
known  rust-joint,  in   conjuctlon  with  the 
Portland  cement.     The  work  done  by  us 
with   these  hardeners,  under  the  instruc- 
tions  of  their   official    specifications,   and 
under  the  advice  of  their  superintendents, 
has  failed  to  justify  the  claims  made  for 
the  hardeners.     Tests  made  for  us  by  the 
Robert  W.   limit  Co.,  with   and  without 
hardeners,   did    not   .show   any   advantage 
for  them.     Under  unusual  conditions,  as 
said    before,    good    work    has    sometimes 
been  done  by  the  ordinary  routine  work, 
hence  one  may  surmise  that  these  hard- 
eners   have    given    satisfaction    and    have 
lieen  credited  with  benefits  due  to  other 
causes  than  their  own  inherent  value. 
According  to  my  observations  and   ex- 


periments, I  came  to  the  conclusion  that 
cement  top  coating  on  reinforced  con- 
crete remains  weak  and  deficient  in 
strength  because  of  the  excess  of  water 
tiiat  is  required  to  make  the  mortar  plas- 
tic enough  to  be  properly  spread  and 
struck  off  with  a  straightedge.  Tills  ex- 
cess of  water  has  no  chance  of  escape 
downward,  and  rises  toward  the  surface^ 
where  it  remains  until  the  setting  pro- 
cess of  the  cement  has  well  advanced. 
When  a  certain  portion  of  the  water  has 
become  bound  in  this  way.  In  the  setting 
process,  the  mortar  stiffens  up  and  be- 
comes ready  for  the  usual  process  of  fin- 
ishing and  smoothing.  Sometimes  the 
setting  goes  forward  too  rapidly,  so  that 
the  finishing  cannot  be  carried  out  with- 
out sprinkling  some  water  over  the  top 
to  enable  the  workmen  to  work  out  a 
smooth  finish.  It  follows  that  the  floor 
is  finally  finished  only  after  a  period  of 
4  hrs.  to  12  hrs.  after  the  composition 
was  first  made  into  a  plastic  mortar. 
Xot  only  is  the  strength  of  such  a  floor 
Injured  by  the  excess  of  water  bound 
and  entangled  In  the  pores  of  the  mass, 
but  also  by  the  disturbance  of  the  cry- 
stallization process. 

The  only  feasible  way  to  overcome  the 
difficulitles  then  seems  to  be  that  to  with- 
draw the  excess  of  water  that  was  neces- 
sary for  the  spreading  and  the  rodding 
of  this  plastic  mass  to  the  desired  level 
or  grade  of  the  finished  floor.  To  bring 
this  about,  therefore,  I  lay  on  the  plastic 
floor  surface,  when  brought  to  its 
proper  level,  a  webbing  of  some  kind,  and 
place  over  this  some  dry  material  which 
quickly  withdraws  the  excess  of  water  by 
the  capillary  attraction  of  the  dry  mate- 
rials. This  may  take  up  20%  to  30%  of 
the  water  originally  used  in  producing 
plasticity  of  the  mortar.  It  will  not  take 
up  more  than  this,  however  much  dry 
material  is  applied,  and  the  amount  of 
water  left  in  the  mass  corresponds  quite 
well  with  the  amount  that  a  professional 
cement-tester  considers  necessary  in 
making  proper  test  pieces. 

My  surprise  in  my  first  experiment,  in 
regard  to  the  condition  of  the  top  coating 
after  the  cloth  was  lifted  off  with  its 
load  of  damp  material,  was  great.  It  had' 
become  so  hard  or  stiff.  In  20  min.  after 
the  dry  material  had  been  placed  over  it, 
that  one  could  walk  over  the  surface 
without  making  even  a  heel  mark.  In 
fact,  the  coating  was  so  dry  and  stiff 
that  it  required  a  powerful  effort  to  float 
it  with  a  wooden  float  to  an  even  finish 
that  could  be  smoothed  off  with  a  trowel. 
This  effort,  however,  forced  the  grains 
of  sand  so  much  closer  together  that  in 
this  way  .some  moisture  was  forced  up- 
ward from  within  the  more  compressed 
mass,  so  that  the  floor  could  be  properly 
smoothed  off.  The  time  between  the 
spreading  of  the  mortar  and  the  smooth- 
ing of  the  floor  need  not  be  more  than 
30  min.  Without  the  use  of  this  drying 
process,  we  have,  as  said  before,  found 
that  it  would  require  the  expiration  of 
from  4  hrs.  to  12  hrs.  before  the  work 
could  be  successfully  brought  to  this 
stage. 

What  I  claim  for  this  process  is: 
First,  a  harder  and  a  denser  top  coat; 
second,  a  wearing  coat  that  Is  equal  to 
the  best  work  on  sidewalks;  and  third, 
tlie  elimination  of  overtime  work  by  an 
extra  expenditure  for  labor  of  only  1/10- 
ct.  to  1/5  ct.  per  sq.  ft.  in  laying  a  floor, 
and  this  extra  expense  is  more  than  off- 
set by  the  usual  cost  of  overtime  work. 
I  do  not  claim  to  improve  the  cement, 
but  I  simply  get  out  of  it  all  the  strength 
tiiere  is  in  it.  If  any  hardener  can  be 
found  that  will  Increase  the  wear-resist- 
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infi'  quality  of  Portlaiul  cement  coiuTcte, 
tliis  process  of  mine  will  still  lie  a  profita- 
ble one,  inasmuch  as  it  increases  the  den- 
sity of  the  resulting;  cement  topping,  and 
the  work  proceeds  without  delay  and 
without  the  need  of  overtime  work.  The 
process  is  even  more  desirable  where  the 
wearing  coat  is  placed  on  the  reinforced 
concrete  soon  after  this  has  been  poured. 
In  this  case  there  is  still  less  chance  to 
get  rid  of  the  excess  of  water  downward, 
for  the  foundation  itself  in  this  case  is 
saturated  clear  through  the  mass  with 
the  water  used  in  making  the  concrete  it- 
self liquid. 

It  is  perhaps  also  well  to  point  out 
that  the  top  coat  placed  over  reinforced 
concrete  should  not  be  made  too  heavy. 
There  is  considerable  difference  in  the 
expansion  and  the  contraction  of  the  two 
materials  under  standard  specifications. 
A  medium  thickness  of  top  coat  will 
therefore  more  readily  adjust  itself  to 
the  reinforced  concrete  beneath.  A 
heavy  top  coat,  on  the  other  hand,  may 
assert  itself  sufficiently  to  bring  about  a 
powerful  shearing  strain  between  the 
two,  so  that  they  will  separate  at  the  ex- 
pense of  the  weaker  mass.  Specifications 
should  not  call  for  more  than  a  y," 
thickness,  nor  allow  a  maximum  of  more 
than  1".  A  top  coat  of  1/2"  thickness  on 
sidewalks,  subject  to  the  heaviest  traffic, 
will  last  more  than  25  yrs.  The  top  coat 
should  not  be  made  to  correct  irregu- 
larities of  the  surface  on  which  it  is 
placed.  Those  who  lay  the  so-called  sani- 
tary or  magnesian  cement  floors  will  not 
undertake  to  lay  a  greater  thickness  than 
%"  to  %"  thickness  because  this  mate- 
rial expands  still  more  than  any  Portland 
cement  concrete.  Because  Portland  ce- 
ment topping  demonstrates  this  fact  less 
clearly,  it  is  generally  applied  in  thick- 
nesses up  to  1%"  and  2".  The  reinforced 
concrete  contractor  can,  if  he  will,  ob- 
tain a  levelness  that  will  require  no  ex- 
travagant thickness  of  topping.  He  can 
also  construct  this ^  floor  so  that  there  will 
be  no  laitance  on  it.  This  laitance  is  a 
soft,  chalk-like  mass  that  has  not  suffi- 
cient strength  to  hold  the  topping,  or 
even  to  hold  to  the  concrete  beneath,  it- 
self. 

In  the  course  of  the  discussion 
which  followed,  Mr.  Bruner  ex- 
plained in  greater  detail  has  patent- 
ed method  of  removing  excess  mois- 
ture from  topcoat  work.  A  floor  is 
ordinarily  finished  in  strips.  As 
soon  as  the  top  coat  has  been  ap- 
plied, a  strip  of  burlap  is  throAvn 
over  it  and  pulled  out  evenly  over 
the  surface  by  workmen  at  each  end. 
Dry  sand  is  then  thrown  on  this  bur- 
lap from  shovels,  entirely  covering 
the  surface  in  a  thin  layer.  After 
about  20  min.  the  burlap  is  pulled 
up  and'  lifted  off  with  the  sand, 
when  the  surface  is  in  the  condition 
for  finishing  described  in  the  paper. 

In  further  discussion  of  floor  and 
sidewalk  top  finisli  Mr.  Wason  em- 
phasized the  importance  of  the  new 
amendment  which  his  committee  sub- 
mitteed  for  the  standard  specifica- 
tions, in  urging  that  experience  has 
shown  that  fine  sand  and  cement  will 
not  produce  surfaces  with  high  resis- 
tance to  abrasion. 

Emile  Perrot''^  reported  that  in  an 
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effort  to  economize  in  the  construc- 
tion of  a  school  building  the  floors 
were  finished,  using  slag  aggregate. 
He  said  that  the  result  were  remark- 
ably satisfactory,  the  floors  having 
worn  so  as  to  take  what  is  almost  a 
polish,  being  hard  and  dustless. 

In  reference  to  floor  hardeners  Mr. 
Wason  said  that  his  company  had 
tried  many  of  those  offered  on  the 
market  but  had  come  to  the  conclus- 
ion that  boiled  linseed  oil,  applied  to 
a  dusty  floor,  gives  the  best  result, 
with  silicate  of  soda  solution  (water- 
glass)  as  a  second  choice.  He  had 
used  both  with  satisfaction.  Boiled 
linseed  in  one  thorough  application 
had  stopped  dusting,  he  said,  in  one 
building  in  particular,  and  there  had 
been  no  recurrence  of  the  trouble  in 
several  years'  wear. 

Cloyd  M.  Chapman"  said  that  in 
experiments  with  numerous  patent 
materials  to  find  a  satisfactory  floor 
hardener  or  dusting  jDreventative, 
two  or  three  preparations  of  an  oily 
nature  had  given  the  most  satisfac- 
tion. He  used  linseed  oil,  raw  in- 
stead of  boiled,  as  recommended  by 
Mr.  Wason. 

It  was  suggested  that  inasmuch  as 
linseed  oil  leaves  a  floor  with  a  rather 
mottled  appearance,  a  small  amount 
of  lampblack  added  to  the  oil  will 
give  a  better  looking  floor.  The  mot- 
tled appearance  left  by  oil  alone  is 
due  to  the  fact  that  a  floor  is  seldom 
equally  dense  over  its  entire  surface 
and  uneven  absorption  of  the  oil 
gives  an  uneven  color.  '  Questions 
were  asked  as  to  the  quantity  of  oil 
required,  and  Mr.  Wason  and  Mr. 
Chapman  said  that  1  gal.  would  cov- 
er from  75  sq.  ft.  to  100  sq.  ft.  The 
oil  is  flowed  on  in  generous  quantity 
and  the  floor  permitted  to  absorb  all 
that  it  will  take  up. 

Mr.  Wason  emphasized  the  import- 
ance of  careful  curing.  He  suggest- 
ed a  means  for  keeping  a  floor  dur- 
ing the  period  of  curing  at  a  con- 
stant condition  of  dampness  rather 
than  wetting  it  down  at  intervals  and 
permitting  it  to  dry  out  before  wet- 
ting again.  -  He  pointed  out  that  al- 
ternate wetting  and  drying  causes 
surface  strains  through  expansion 
and  contraction  due  to  the  varying 
moisture  content  and  must  therefore 
result  in  weakening  the  surface. 

Ralph  L.  Shainwald,  Jr.,'^  suggest- 
ed other  means  for  avoiding  excess 
moisture  in  finishing  a  floor.  He 
said  that  it  had  proved  satisfactory 
to  put  in  the  base  unusually  dry  and 
to  tamp  it  thoroughly  and  then  apply 
a  top  coat  as  soon  as  possible  as  wet 
as  is  ordinarily  necessary  to  finish 
properly,  when  the  excess   moisture 
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instead  of  coming  to  the  top  would  be 
taken  up  by  the  drier  base. 

SYNTHETIC    STONE    IN    CAT8KILL 
AQUEDUCT    BUILDINGS 

II.  Lincoln  Rogers"  presented  a 
})apcr,  read  in  the  absence  of  the 
author  by  Mr.  Fish,  on  the  "Synthetic 
Stone  in  Catskill  Aqueduct  Build- 
ings." This  is  presented  in  full  else- 
where in  this  issue,  together  with 
numerous  illustrations  of  manufact- 
ured stone  in  addition  to  those  pre- 
sented with  Mr.  Rogers'  paper. 

concrete:   a   medium   of  aesthetic 
expression 

Irving  K.  Pond''  presented  a  pa- 
per, "Concrete:  A  Medium  of  Aes- 
thetic Expression,"  in  which  he  ex- 
pressed regret  at  the  lack  of  prog- 
ress in  the  years  which  had  elapsed 
since  Nov.,  1907,  when  as  chairman 
of  a  then  existing  Committtee  on  ap- 
plied arts  and  sciences  of  the  Amer- 
ican Institute  of  Architects  he  had 
reported  on  the  possibility  of  con- 
crete in  the  field  of  architectural  ex- 
pression. He  said  that  much  of  his 
paper  had  been  written  at  that  time 
and  that  most  of  his  statements,  un- 
fortunately, still  applied.  "The 
science  (of  reinforced  concrete  de- 
sign) has  become  a  bit  more  exact 
*  *  *  but  the  art  of  design  seems 
not  to  have  kept  pace."  Further  ab- 
stracts from  this  paper  are: 

The  architect  is  not  a  mechanical  fab- 
ricator  of  mathematical  diagrams.  His 
highest  concern  is  with  the  ideal,  and  his 
first  sketch  should  present  an  idea,  an 
idea  which  is  conceived  in  beauty.  The 
past  has  demonstrated  that  architecture 
as  the  expression  of  the  ideal  can  mate- 
rialize in  but  one  or  the  other  of  two 
great  manners:  that  of  the  articulated 
structure,  unit  added  to  unit,  and  that  of 
the  plastic  mass.  The  most  noble  devel- 
opment in  the  first  manner  is  in  the 
architecture  of  masonry  (brick  or  stone) 
and  this  development  has  reached  its 
logical  limit;  in  no  way,  except,  it  may 
be,  in  mere  size,  its  least  noble  attribute. 
is  it  to  be  excelled.  Under  the  vital  art 
of  this  first  manner  lay  an  intuitive 
science;  under  the  too  transient  beauty 
of  the  work  of  the  second  great  manner 
lay  nothing  of  science  at  all,  and  so  this 
architecture  has  well-nigh  vanished  ex- 
cept as  some  adherence  to  the  principles 
of  the  first  manner  has  interposed  to 
save.  And  now  comes  the  ghost  of  what 
might  have  been  and  calls  for  a  rein- 
carnation, feeling  (if  a  ghost  can  feel) 
that  in  reinforced  concrete  science  is 
preparing  a  body  which  can  be  vivified 
with  the  spirit  of  art.  If  this  feeling  is 
substantiated,  to  the  architect  is  opened 
up  a  new  range  of  possibilities.  The 
architect  becomes  in  a  sense  a  sculptor, 
a  molder  of  monumental  mass,  not  the 
fantastic  figure,  who,  at  first,  with 
sharply  insistent  blows,  and  then  with 
infinite  persuasive  tappings,  releases  the 
form  imprisoned  in  the  block,  but  a  crea- 
tive constructor  who  builds  up  his  ideal 
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and  shapes  it  by  tlie  irresistible,  though 
tender,  molding  of  mass  and  form. 

The  possibilities,  even  the  aesthetic  pos- 
sibilities, within  tlie  range  of  reinforced 
concrete  construction  can  hardly  be  over- 
estimated. Little  beyond  the  introduc- 
tory chapter  has  been  written  in  the  his- 
tory of  reinforced  concrete,  and  every 
advance  in  the  science  of  its  manufacture 
and  use  will  signal  an  advance  along  the 
line  of  artistic  application. 

Except  in  well  defined  types,  designed 
to  serve  certain  well  defined  uses,  it  is 
impracticable  so  to  carry  masonry  con- 
struction beyond  and  behind  the  facade 
as  to  result  in  a  iiomogeneous  structure — ■ 
wanting  which  arcliitccture  becomes  but 
a  hollow  sound.  Tlie  architecture  of  a 
reinforced  plastic  material  may,  and  log- 
ically will,  express  itself  throughout  tiie 
entire  structure  to  the  remotest  core.  'Ihe 
unity,  the  truth,  the  harmony  of  the 
whoie  inaj-  in  every  part  be  manifested. 
Therefore,  again,  the  possibilities  inher- 
ent in  concrete  present  themselves  al- 
luringly to  the  architect  to  whom  the 
art  means  as  much  as  does  the  science 
of  building. 

Tiie  architectural  brain  is  not  so  con- 
gested by  the  weight  of  pregnant  thougiit 
that  at  a"  blow  a  Minerva  shall  issue  forth 
full-fledged  and  full-armed.  That  is  not 
the  history  of  the  evolution  of  an  arch- 
itectural "style.  It  will  take  time  and 
struggle,  and  develojied  artistic  percep- 
tions in  this,  as  in  former  cases,  to  reveal 
the  possibilities  of  beautiful  and  of  mon- 
umental  design. 

It  may  well  be  conceived  that  a  mold- 
ed architecture,  so  to  speak,  an  archi- 
tecture of  flowing  and  harmoniously  in- 
terrelated massc-s,  may  not  appeal  im- 
mediately to  the  architect  who  has  been 
taught  that  his  art  consists  in  naively 
piling  up  child's  building-blocks  on  a 
large  scale.  Whatever  may  be  urged 
against  the  deadly  dulling  practice  of 
following  the  line  of  least  resistance  in 
architecture,  certain  it  is  that  a  material 
in  which  it  is  easier,  as  well  as  more  log- 
ical, to  fashion  new  and  appropriate 
forms  than  to  follow  cut  and  dried  con- 
-ventions  can  not  lie  regarded  as  other 
than  a  vivifying  factor  in  a  possible 
architectural  development,  and  its  advent 
hailed  witli  delight.  When  architects  re- 
lieve themselves  of  the  notion  that  mon- 
umental architecture,  for  examjile,  con- 
sists solely  in  a  row  of  classical  col- 
umns .superimposed  upon  a  basement,  it 
will  be  a  wholesome  day  for  tlie  art  they 
profess  to  practice.  Probably  ignorance, 
inability  and  self-distrust  in  the  archi- 
tectural ranks  will  remove  to  some  more 
or  less  remote  future  the  development 
of  a  monumental  architecture  express- 
ing itself  in  new  forms  fashioned  in  new 
materials.  Yet  it  is  possible  that,  in  this, 
as  in  other  ages,  commercialism,  itself 
so  devoid  of  aestiietic  tendencies,  will 
pave  the  way  to  tiie  realization  of  an 
aesthetic  ideal.  A  material  which  holds 
in  itself  the  qualifications  for  commer- 
cial use  will  in  tliat  very  use  reveal  its 
aesthetic  possiljilities.  Xo  material 
which  puts  into  tlie  band  of  the  architect 
power  to  produce  permanent  mass  and 
form,  and  add  the  enrichment  of  light 
and  sliade,  color  and  texture,  will  long 
be  ignored  when  science  has  made  its  use 
commercially  possible. 

But  to-day,  witli  art  and  science  co- 
operating, it  would  seem  as  though  arch- 
itecture were  on  the  verge  of  an  awak- 
ening. Commercial  architecture  with  us 
is  licginning  to  feel  the  thrill.  Aiiroad 
monumental  ardiitecture  as  well  is  show- 
ing signs  of  a   renewed  joy    in   life,  and 
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structural  concrete,  both  of  itself  and 
embellished  with  richer  materials,  fur- 
nishes tiie  new  and  seemingly  adequate 
medium  of   architectural  expression. 

Much  of  this  was  written,  as  I  said  in 
opening,  some  years  ago.  Reviewing  toe 
events  of  tlie  years  that  have  passed, 
it  does  not  seem  that  there  has  been  such 
an  advance  in  the  aestiietic  field  as  op- 
portunity seems  to  have  offered,  or  as 
miglit  have  been  exjiected.  But  we  can- 
not lay  this  backwardness  altogether  to 
the  manipulator  of  concrete  nor  to  the 
architect.      Economics   may   be  a   factor. 

CONCRETE    IX    METROPOLITAN    CON- 
STRUCTION 

Charles  E.  Fox"  made  a  most  in- 
teresting address  on  "Concrete  in 
Metropolitan  Construction,"  in  which 
he  told  why,  more  particularly  in 
skyscraper  construction,  reinforced 
concrete  is  not  taking  the  place  of 
steel  frame.  He  pointed  out  that 
many  large  metropolitan  structures 
are  erected  upon  leased  sites  and 
that  it  is  common  for  leases  to  go 
into  considerable  detail  as  to  the 
type  of  structure  which  shall  be 
erected.  The  owners  of  such  land 
are  not  influenced  in  favor  of  mate- 
rials and  methods  of  construction 
which  are  cheap,  but  are  interested 
in  seeing  buildings  which  will  be 
permanent  and  secure.  Such  owners 
have  not  been  favorably  impressed 
with  the  advocacy  of  concrete  for  its 
cheapness,  which  was  at  one  time  so 
common.  Mr.  Fox  said  that  the 
fruit  of  the  talk  of  cheapness  has  in 
many  cases  been  aversion  to  concrete 
rather  than  its  adoption.  Where  a 
lease  specifies  so  much  in  detail  as 
to  the  character  of  the  building,  it 
is  not  within  the  power  of  the  archi- 
tect or  even  of  the  lessee  to  call  for 
concrete  if  either  of  them  choses  to 
do  so.  The  speaker  said  that  the 
objections  of  owners  to  concrete  will 
cease  when  engineers  and  contrac- 
tors can  positively  assure  concrete 
construction  as  absolutelj^  secure,  de- 
pendable and  scientific.  Besides 
speaking  of  these  conditions  affect- 
ing the  owner  of  the  leased  prop- 
erty, Mr.  Fox  dwelt  at  some  length 
upon  the  speed  with  which  all-steel 
frame  buildings  can  be  erected. 
The  new  Morrison  hotel,  Chicago, 
was  cited.  This,  one  of  the  tallest 
buildings  in  Chicago,  extending  5.^' 
below  ground,  was  begun  Jan.  1, 
1914,  and  completed  Dec.  15,  1914. 
Mr.  Fox  explained  the  advantage  of 
steel  in  the  fact  that  work  on  the 
frame  may  proceed  as  soon  as  cais- 
sons are  comj)leted  and  that  excava- 
tion ])roceeds  while  the  steel  frame 
goes  u]),  construction  actually  prog- 
ressing upward  .uid  downward  at  the 
same  time.  Other  advantages  of  steel 
frame  are  in  the  fact  that  a  steel 
frame    structure    is    almost    entirely 
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•shop-fabricated  and  site-assembled; 
the  frame  provides  support  for  tem- 
porary floors  and  staging  and  scaf- 
folds on  which  the  work  of  numer- 
ous trades  ))roeeeds  in  proper  order 
at  various  floor  levels.  Column  size 
is  another  im))ortant  item  cited  in 
favor  of  steel  for  skyscra2)crs. 

KKPOKT    OF    COMMITTEE    ON    EDISON 
FIRE     AND     DISCUSSIONS 

The  Edison  Fire  Committee,"*  af- 
ter a  careful  investigation  of  the 
cliaracter  of  the  buildings  and  their 
contents,  the  origin  and  intensity  of 
the  fire  and  the  behavior  of  the  vari- 
ous materials  of  construction  in  the 
fire,  reached  the  following  prelim- 
inary findings'*'': 

1.  No  building  or  any  portion  thereof 
can  be  considered  absolutely  fireproof. 
The  resistance  of  buildings  and  building 
materials  to  fire  is  relative  only;  no  mate- 
rial can  resist  a  fire  if  it  be  of  sufficiently 
great  intensity  or  long  duration. 

2.  The  information  obtained  confirms 
the  general  princijiles  already  well  estab- 
lisiied  concerning  protection  against  the 
origin  and  spread  of  fire. 

3.  The  buildings  of  this  jilant  were  not 
in  accord  witii  j)resent  well  established 
practice  in  that  tiiey  deviated  from  this 
practice  in   tlie  following  particulars: 

(a)  Large,  undivided  floor  areas. 
(Lack  of  fire  walls  and  stops.) 

(6)  Unprotected  exterior  openings. 
(Wooden  sash  with  plain  glass,  etc.) 

(c)  Absence  of  proper  fire  walls,  par- 
titions and  fire  doors. 

{d)  Failure  properly  to  inclose  vertical 
openings,  stairways  and  elevator  shafts. 

(<?)  Absence  of  adequate  sprinkler 
equipment. 

{f)  Absence  of  adequate  water  supply 
and  fire-fighting  apparatus. 

((/)  Failure  eitlier  to  isolate  non-fire- 
proof buildings  or  to  protect  against 
them. 

(/t)  Failure  to  isolate  hazardous  proc- 
esses of  manufacture  either  by  placing 
such  ])rocesses  in  separate  buildings  or 
by  surrounding  them  with  proper  fire 
walls. 

4.  The  fire  fully  demonstrated  the  ad- 
vantages of  monolitiiic  structures.  The 
fact  that  at  five  difl'erent  places  several 
of  the  wall  columns  were  rendered  use- 
less and  yet  the  upi)er  portions  of  the 
building  stood  intact  is  evidence  of  the 
superior  merits  of  concrete  in  monolithic 
construction. 

5.  Considering  the  extraordinary  con- 
ditions surrounding  tiiis  fire,  the  behavior 
of  the  concrete  buildings  was  highly  sat- 
isfactory and  constitutes  an  excellent 
demonstration  of  tiie  merits  of  concrete 
as  a  fire-resisting  liuilding  material.  It 
is  not  so  surprising  that  the  concrete 
luiildings  were  damaged  as  that  any  ma- 
terial should  liave  so  satisfactorily  with- 
stood  lliese  unusual  conditions. 

a.  This  fire  brought  out  the  following 
important  problems  which  are  considered 
worthy  of  furtlier  investigation: 

(a)  The  strengtii  of  tlie  structure  after 
the  fire;  to  lie  determined  by  floor  load 
tests. 

{b)  Tlie  extent  to  which  the  floor  sys- 
tem has  liceii  sti-engtliciied  by  the  method 
of  reconstruction. 
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(c)  The  -slrciifitli  of  tlie  coluiiuis  ;iflcr 
the  fire;  the  strengtli  of  tlie  restored  eol- 
iiniiis. 

{d)  'I'lie  effect  of  expansion,  from  tem- 
perature changes,  on  hirge  units. 

(e)  Such  other  effects  of  this  fire  on 
the  structures  and  structural  materials 
as  the  conditions  may  permit. 

7.     The  Connnittec  is  of  the  opinion: 

(a)  Tiiat  tiie  best  type  of  construction 
is  one  which  eliminates  corners  and  pre- 
sents flat  or  rounded  surfaces  to  the  ac- 
tion of  the  fire.  That  interior  columns 
of  circular  or  octagonal  section  offer 
greater  resistance  to  fire  and  are  less 
liable  to  damage  than  columns  of  square 
section,  and  that  the  elimination  of  sharp 
corners  in  the  floor  constructioif  is  de- 
sirable. 

(6)  That  good  construction  requires 
a  sufficient  number  of  lateral  ties  or 
hooping  in  the  columns,  and  that  such 
construction  would  offer  greater  resis- 
tance  to   fire. 

(c)  That  in  the  beam  and  girder  type 
of  construction  in  order  fully  to  develop 
T-action  the  slab  should  be  cast  at  the 
same  time  that  the  beams  and  girders 
are  poured,  and  there  should  be  adequate 
ties  between  the  reinforcement  of  the 
beams  and  girders  and  that  of  the  slab. 

The  detailed  information  upon 
which  the  foregoing  statements  are 
based  is  submitted   with  the  report. 

A  series  of  investigations  and 
tests  is  being  arranged  to  develop 
additional  data  which,  it  is  expected, 
will  require  some  time  and  which 
will  be  presented  in  a  final  report  as 
soon  as  the  data  can  be  obtained  and 
collated. 

Following  the  report  of  the  Com- 
mittee on  the  Edison  Fire,  which  was 
outlined  by  Secretary  Moore,  and 
illustrated  by  many  lantern  views 
showing  not  only  the  progress  of  the 
fire  but  the  condition  of  various 
structures  after  the  fire,  there  were 
interesting  comments  by  Rudolph  J. 
Wig^"  on  the  fact  that  the  heat  was 
so  intense  in  some  portions  of  the 
fire-swept  buildings  as  to  slag  the 
concrete.  Nathan  C.  Johnson  made 
interesting  comments  on  the  micro- 
scopic examination  which  he  made  of 
concrete  from  the  burned  buildings. 

President  Humphrey,  in  discussing 
the  remarks  by  Messrs.  Wig  and 
Johnson,  called  attention  to  the  fact 
that  the  so-called  slagging  of  con- 
crete occurred  in  one  building  where 
the  extraordinary  material  used  in 
the  process  of  manufacture  caused 
a  sloughing  away  of  the  concrete  and 
of  all  other  structural  materials  with 
which  it  came  in  contact;  that,  in 
general,  there  was  no  slagging  of 
the  concrete  but  where  some  foreign 
material  had  slagged  on  the  surface 
of  the  concrete  it  gave  the  appear- 
ance of  slagging. 

Regarding  the  heat  penetration 
into  the  concrete  discussed  by  Mr. 
Johnson,  he  stated  that  immediately 
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after  the  fire  tlic  concrete  generally 
was  very  hard  and  did  not  show  evi- 
dences of  calcination  nor  did  tfie  de- 
hydration extend  into  the  mass  of  the 
concrete.  He  was  of  the  o))inion  that 
samples  of  concrete  which  Mr.  John- 
son took  from  the  columns  after  they 
liad  been  stripped  two  or  three  inches 
preparatory  to  repairing  could  not 
possibly  have  shown  damage  from 
heat  since  in  general  the  heat  action 
extended  only  a  very  short  distance. 

T.  L.  Condron"  described  and  il- 
lustrated by  lantern  views  some  of 
the  repair  work  on  the  Edison  build- 
ings. Square  columns,  spalled  at 
the  four  corners,  were  chipped  down 
to  circular  section,  wrapped  with 
metal  mesh,  enclosed  with  circular 
steel  forms  and  filled  in  with  very 
wet  cement-sand  mixture,  through 
holes  drilled  in  the  floor  above.  Sur- 
faces were  of  course  carefully 
cleaned  before  this  work  was  under- 
taken. Beams  and  girders  of  en- 
larged section  were  repaired  in  a 
similar  way.  In  most  cases  addition- 
al reinforcing,  except  for  mesh  wrap- 
ping, was  not  considered  necessary. 
Where  supporting  members  were 
broken,  however,  where  rods  were 
exposed  and  in  some  cases  deformed 
by  heat,  much  more  complicated 
measures  were  adopted.  The  repair 
work  has  progressed  under  difficul- 
ties owing  to  the  urgency  of  resum- 
ing factory  operations  in  some  cases 
before  repairs  were  completed.  Mr. 
Condron  said  he  would  present  his 
discussion  in  writing  and  much 
more  in  detail  at  a  later  time  to  be 
embodied  in  the  Proceedings. 


Field    Problems    in    Concrete 
Construction 

contractor's     equipment,    AUSTIN 
NICHOLS    WAREHOUSE 

T.  A.  Smith,"  in  a  paper  on  "Con- 
tractor's Equipment,  Austin  Nichols 
Warehouse,"  illustrated  by  stereop- 
ticon  views,  states  that  the  economy 
in  the  successful  erection  of  rein- 
forced concrete  buildings  is  depend- 
ent upon  the  efficiency  with  which 
the  materials  entering  into  the  con- 
struction are  handled  upon  delivery 
at  the  building  site.  He  further 
states  that  the  comparatively  small 
yardage  of  concrete  in  any  one  build- 
ing operation  does  not  justify  an 
elaborate  and  costly  installation  of 
receiving  and  mixing  machinery.  He 
believes  that  the  installation   should 
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be  figured  on  a  basis  of  the  cost  per 
cu.  yd.  of  the  concrete. 

Regarding  the  use  of  spouts  for 
conveying  concrete  by  gravity,  Mr. 
Smith  states  that  after  the  job  has 
been  figured  out  it  was  found  that 
the  cost  of  the  spouting  outfit,  to- 
gether with  raising  the  tower  and  in 
addition  the  construction  of  the  guy- 
ing tower  and  moving  spouts,  was 
found  to  exceed  the  cost  of  doing 
tlie  jol)  by  wheeling  the  material 
into  place. 

MECHANICAL     PLANT     FOR     HANDLING 
CONCRETE 

W.  P.  Anderson,^^  in  a  pajjcr  on 
"Mechanical  Plant  for  Handling 
Concrete,"  states  that  there  are  two 
classes  of  equipment  which  can  be 
used.  One  class,  is  that  which  is 
standard  and  can  be  used  on  nearly 
every  job.  This  class  of  equipment 
consists  of  mixers,  hoists,  charging 
and  placing  barrows  and  similar 
equipment.  The  second  class  covers 
that  which  can  be  used  in  special 
cases  only,  such  as  unloading  de- 
vices, industrial  track  and  cars, 
cablewaj^s  and  other  special  machin- 
ery. 

Mr.  Anderson  advocates  handling 
the  aggregate  directh-  from  the  cars 
to  the  mixers,  without  storage. 
Where  this  is  done,  it  is  well  to 
store  some  of  the  aggregate  for 
emergencies,  and  a  convenient  ar- 
rangement of  the  plant  for  this  pur- 
pose is  to  build  bins  along  the  un- 
loading switch.  Where  this  arrange- 
ment is  followed  it  is  nearly  always 
unavoidable  to  have  some  demurrage 
on  cars,  but  it  saves  rehandling  of 
material  and  in  a  number  of  cases 
this  saving  is  greater  than  the  extra 
charge  incurred  in  demurrage.  On 
very  large  jobs  it  might  be  well  to 
build  two  overhead  charging  hop- 
pers, one  for  the  sand  and  one  for 
the  stone.  In  unloading  material 
from  cars  where  the  arrangement 
mentioned  is  not  practicable  it  is 
sometimes  found  advantageous  to 
have  a  hopper  which  can  be  fastened 
to  the  side  of  a  car  and  the  material 
can  be  shoveled  from  a  car  directly 
into  this  hopper. 

The  location  of  the  mixing  plant 
on  anj'^  job,  according  to  Mr.  Ander- 
son, is  determined  by  two  factors : 
first,  depending  upon  the  ease  of  get- 
ting the  materials  of  which  the  con- 
crete is  composed  delivered  near  the 
plant;  second,  the  position  of  the 
plant  relative  to  distributing  the 
concrete  to  all  parts  of  the  work, 
with   as   little   labor   as   possible. 

In  placing  the  concrete.  ISIr.  An- 
derson states  that  the  most  conven- 
ient form  is  to  chute  it  from  the 
main  hoist  to  various  positions  of  the 
work,  and  in  some  cases  to  re-elevate 
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and  re-chute  wliere  the  building  cov- 
ers a  good  deal  of  ground.  He  men- 
tioned another  method  of  handling 
concrete,  which  is  the  use  of  large 
derricks  and  bottom-dumping  buck- 
ets. 

CONCRETE    FORMS    FOR    THE    CATSKILL 
AQUEDUCT 

In  a  paper  on  "Concrete  Forms 
for  the  Catskill  Aqueduct,"  Alfred 
D.  Flinn"  describes  in  considerable 
detail  the  concrete  forms  used  for 
the  aqueduct,  under  the  headings: 
Forms  for  cut-and-cover  aqueduct, 
forms  for  lining  and  jacketing  steel 
pipes,  forms  for  grade  and  pressure 
tunnels,  shaft  forms  for  concrete 
blocks,  forms  for  gate-chambers  and 
other  special  structures,  forms  for 
bridges  and  fence  post  molds.  A  few 
notes  on  cost,  methods  and  progress 
are  given.  Stereopticon  views  were 
used,  in  illustrating  the  paper. 

STRENGTH     OF     CONCRETE     FORMS 

The  object  of  a  paper'"  by  H.  S. 
Taft''*'  on  the  "Strength  of  Concrete 
Forms"  is  to  show  that  although  con- 
crete form-work  is  of  a  very  tem- 
porary nature,  it  is  of  the  utmost 
importance  that  it  be  designed  and 
constructed  to  meet  the  loads  brought 
upon  it  by  the  wet  concrete ;  other- 
wise disaster  is  likely  to  result  to 
the  temporary  structure.  While 
construction  has  become  so  universal, 
the  design  and  building  of  the  form- 
structure  is  being  studied  and  looked 
after  almost  as  carefully  as  the  con- 
crete itself. 

Mr.  Taft  treats  the  design  of 
forms  in  their  final  analysis  as 
beams  uniformly  loaded.  When  the 
points  of  support  are  all  on  the 
same  straight  line,  the  beams  are  in 
the  nature  of  continuous  girders. 
How  far  they  depart  from  being 
continuous  girders  depends  upon 
how  far  the  points  of  support  depart 
from  a  straight  line. 

In  determining  the  strength  of 
the  various  members  of  a  form- 
structure  it  is  necessary  to  figure 
them  for  both  deflection  and  strength 
and  then  use  the  smaller  of  the  two 
values,  as  explained  in  this  paper. 

The  nature  of  the  pressure  or 
load  per  unit  upon  concrete  forms 
depends  upon  the  type  of  the  form. 
In  column  and  wall  forms  a  hydro- 
static condition  exists.  In  slab  work 
a  direct  load  has  to  be  considered, 
while  in  beam  forms  a  direct  load 
as  well  as  a  hydrostatic  pressure  ex- 
ists. 

Elaborate  tables  and  curves  are 
given  covering  the  design  of  forms 
as    ordinarily   met   with    in   concrete 

"Deputy  Chf.   Engr.,    X.    Y.   Bd.   of   Water 
Supply,  N.  Y.  C. 
*^JourrtfiI,  Am.  Concrete  Inst.,  VoL  III,  No. 
2.  p.  10,  Feb..  1915 
*«Contg.  Engr.,  Seattle 
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construction.  In  heavy  arch  bridge 
work  or  other  structures  carrjung  a 
heavy  load,  special  study  of  each 
condition  is  necessary  in  order  to 
obtain  the  best  results  and  to  be 
sure  that  proper  strength  has  been 
provided  in  the  temporary  wooden 
structure, — cases  that  are  of  ;such  a 
special  nature  that  it  was  impossible 
to  cover  them  in  the  jjresent  paper. 

MIXING,     CURING    AND     PLACING    CON- 
CONCRETE    WITH    HIGH    PRESSURE 
STEAM 

A  paper  on  "Mixing  and  Placing 
Concrete  with  High  Pressure 
Steam"  by  Flarold  P.  Brown,"  states 
that  concrete  mixed  and  placed  by 
means  of  a  special  concrete  atom- 
izer"' weighs  more  than  170  lbs.  per 
cu.  ft.,  possesses  from  three  to  four 
times  the  strength  of  average  con- 
crete, has  to  a  certain  extent  a  crys- 
talline nature  and  will  take  a  high 
polish. 

The  process  consists  in  thorough- 
ly mixing  measured  amounts  of  ce- 
ment, sand,  broken  stone  and  water 
in  a  cylinder  which  is  then  filled 
with  a  hot  gas  or  vapor  under  high 
pressure.  When  the  proper  pres- 
sure and  temperature  have  been 
reached  and  the  curing  process  (said 
to  be  due  to  perfect  hydration  and 
effective  chemical  action)  is  complet- 
ed, the  outlet  valve  is  opened  and 
the  plastic  concrete  is  dropped  into 
a  superheated  stream  of  rapidly 
moving  gas  or  vapor.  The  wet  par- 
ticles are  separated  from  each  other 
and  can  be  carried  several  hundred 
feet  in  a  rubber-lined  hose  to  the 
point  of  deposit,  which  may  be  many 
feet  above  the  mixer.  The  stream  is 
projected  through  an  expansible 
nozzle  and  strikes  the  work  at  high 
speed,  causing  the  concrete  to  ad- 
here strongly  to  brick,  stone,  rein- 
forcing steel  or  old  concrete  and 
at  the  same  time  obtaining  a  quick 
set.  During  each  period  of  mixing 
a  stream  of  super-heated  steam  is 
kept  flowing  at  low  pressure  through 
the  outlet  to  keep  the  hose  and  the 
destination  of  the  new  work  warm 
and  moist. 

It  is  claimed  that  with  careful 
handling,  excellent  work  can  be  done 
in   freezing  weather. 

INVESTIGATIONS    OF    HIGH    MAGNESIUM 
CEMENTS 

The  object  of  a  paper  by  P.  H. 
Bates"  on  "Some  Further  Results 
Obtained  in  Investigating  the  Prop- 
erties of  Portland  Cements  Having 
a  High  MgO  Content,"  is  to  give 
further  data  concerning  high  mag- 
nesium Portland  cements,  burned  in 


"N.  Y.  City 

^'Described   in   Concrete-Cement  Age,   Oct., 
1914,  p.  181 
"Chem.,   Bur.  of  Standards,   Pittsburgh 


the  experimental  plant  of  the  Bur. 
of  Standards  at  Pittsburgh.  This 
paper  contains  the  results  obtained 
from  a  second  series  of  burns,  as 
well  as  later  tests  of  the  physical 
specimens  of  the  first  series  report- 
ed at  the  last  meeting  of  the  Insti- 
tute. 

The  same  procedure  was  followed 
in  the  present  series  as  in  the  first, 
but  in  the  present  investigation  the 
composition  was  changed  so  that  the 
resulting  cements  have  a  lower  lime- 
magnesia  content  and  a  higher  silica 
and  higher  alumina-iron  oxide  con- 
tent. These  two  series  of  burns, 
having  produced  cements  of  both 
normal  composition,  containing  less 
than  2%  magnesia,  and  abnormal 
composition,  containing  over  25% 
magnesia,  should,  with  the  complete 
studies  of  their  chemical,  petro- 
graphic  and  physical  properties,  ex- 
tending over  long  periods,  give  a 
clear  idea  of  the  effect  of  magnesia 
in  Portland  cement  when  it  replaces 
lime.  However,  in  this  paper  the 
results  of  the  strength  tests  of  the 
second  series  do  not  extend  beyond 
6  mos.  and  the  strength  of  the  ce- 
ments of  the  first  series  beyond  12 
mos.  in  the  case  of  the  neat  and  sand 
specimens,  and  beyond  18  mos.  in 
the  case  of  the  concrete  specimens. 

The  results  obtained  with  the  sec- 
ond series  are  so  similar  to  those  ob- 
tained with  the  first,  that  the  reader 
is  referred  to  the  summary,  given  in 
Concrete-Cement  Age  for  Mar., 
1914,  p.  38,  Cement  Mill  Section. 

eleventh     ANNUAL     BANQUET 

The  11th  annual  banquet  of  the 
Institute  was  held  Friday  evening, 
Feb.  12,  at  the  Auditorium  hotel  with 
about  200  in  attendance.  It  was  the 
occasion  for  a  tribute  to  Richard  L. 
Humphrey  for  his  service  to  the  In- 
stitute and  his  achievements  as  a  rec- 
ognized leader  in  the  field  of  con- 
crete development.  Percy  H.  Wil- 
son made  the  address,  presenting 
Mr.  Humphrey,  on  behalf  of  his 
friends  and  associates  in  the  Insti- 
tute, with  a  very  handsome  clock. 
A  smaller  clock  of  similar  design 
was  presented  to  Edward  E.  Krauss, 
the  retiring  secretary,  with  an  ex- 
j)ression  of  appreciation  of  his  val- 
ued services.  With  the  fun-making 
of  the  toastmaster,  Douglas  Malloch, 
and  the  leadership  in  song-^making 
by  Robert  Hall  the  occasion  was  one 
of  unusual  good  spirit.  There  was 
n  note  of  humor  in  the  toastmaster- 
ship.  That  Mr.  Malloch  is  one  of 
the  editors  of  a  lumber  paper — The 
American  Lumberman — did  not  in 
the  least,  however,  affect  his  accept- 
ability at  a  concrete  banquet. 

""Concrete-Cement  Age,  Mar.,  1914,  pp.  29- 
3.3,  Cement  Mill  Section,  and  Journal,  Am. 
Concrete  Inst.,  Vol.  II,  pp.  470-84,  Dec,  1914 
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Concrete  Lighting-  Standards  for  Bridges  at 
Houston,  Texas 


By  W.  W.  Washburn' 


Concrete  lighting  standards  are 
being  used  on  several  reinforced 
concrete  bridges  at  Houston,  Tex., 
among  them  being  the  San  Jacinto 
St.  bridge  described  in  Concrete- 
Cement  Age  for  Aug.,  1914.  De- 
tails of  these  standards  are  shown  in 
Figs.  1,  2  and  3.  They  are  made 
of  a  variety  of   different  materials, 

'Res.  Engr.,  Dept.  of  Bridg'es,  Houston,  Tex. 


the  handsomer  standards  consisting 
of  1  part  White  Portland  cement  to 
2  parts  crushed  New  England  gran- 
ite, with  a  small  percentage  of  a 
waterprofing  compound.  Standards 
are  also  made  with  1  part  of  ordinary 
gray  Portland  cement  and  2  parts 
of  coarse  torpedo  sand.  These 
standards  are  mostly  used  where 
economy  is  an  object,  or  where  it  is 
desirable  to  have  the  standards  har- 
monize with  other  structures  of  ord- 
inary gray  concrete,  and  especially 
for  bridges. 

MANUFACTURE     OF     STANDARDS 

The  standards  are  molded  in 
heavy,  rigidly  fastened  steel  and  iron 
molds,  the  material  being  mixed  with 
as  large  a  percentage  of  water  as 
can  be  used  without  causing  it  to 
stick  to  the  molds  or  showing  bubbles 
on  the  surface.  As  an  extra  precau- 
tion a  mold  wash  is  used  to  prevent 
the  material  from  adhering  to  the 
sides  of  the  molds.  The  tamping  is 
done  with  very  rapid,  light  blows, 
but  a  small  amount  of  material 
being   added   at   a   time.      The   rein- 


forcement consists  of  corrugated 
steel  bars*,  the  size  and  number  be- 
ing, of  course,  varied  with  size  and 
the  length  of  the  colmns. 

The  columns  are  allowed  to  remain 
in  the  molds  until  they  hAve  obtained 
their  initial  strength  and  thus  have 
strength  enough  to  sustain  their  own 
weight.  After  the  molds  are  remov- 
ed the  standards  are  sprinkled  with 
a  very  fine  spray  which  has  the  effect 
of  removing  the  surface  film  of  ce- 
ment and  exposing  the  aggregates. 
This  treatment  is  especially  desirable 
kept  in  a  damp  atmosphere  and 
in  the  case  of  standards  made  of 
granite  concrete.  The  standards  are 
sprinkled  twice  a  day  for  2  wks.  or 
3  wks.,  after  being  molded. 

In  addition  to  the  granite  concrete 
and  the  natural  gray  concrete  pre- 
viously mentioned,  the  standards  are 
also  made  of  a  Bedford  stone  shade, 
light  buff,  pearl  gray  and  a  variety 
of  shades  or  colors.  For  interior 
work  the  standards  may  be  made  of 
crushed  marble  and  cement  and  rub- 
bed to  a  polished  surface  similar  to 
the  work  done  in  connection  with 
terrazzo  floors.  •  Pure  white  stand- 
ards made  of  white  silica  sand, 
crushed  marble  and  white  Portland 
cement  have  proved  very  attractive 
for  localities  which  are  not  exposed 
to  the  smoke  and  grime  of  manu- 
facturing localities. 

The  standards  are  seldom  painted 

^Corrugated   Bar  Co.,   Buffalo 


Fig.     1 — CoxcRETE     Lighting    Standard      Fig.  2 — Details  of  Elevation  and  Section  of  Illumination  Column  Pedestals  and 
FOR  Concrete    Bridges,   Houston,  Tex.  Balustrade  Rails 
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and  such  treatment  is  neither  neces- 
sary nor  desirable,  but  when  there 
are  special  reasons  for  painting  the 
standards  some  particular  shade  or 
color  they  are  previously  prepared  to 
receive  the  paint  by  giving-  them  a 
surface  treatment  of  zinc  sulphate 
solution.  This  has  the  effect  of  con- 
verting any  free  lime  into  insoluble 
compounds  so  that  the  linseed  oil  of 
the  paint  is  not  affected. 

Concrete  has  ]>rovcn  tlic  most  ideal 
possible  material  for  this  purpose  as 
all  other  materials  are  either  exces- 
sive in  cost  or  subject  to  rapid  deter- 
ioration and  many  materials  wliich 
have-  either  been  used  or  suggested 
for  the  purpose  have  both  faults. 
The  concrete  is  inexpensive,  defies 
both  time  and  the  elements,  requires 
no  jiainting,  repairs  or  attention  and 
is  so  inexpensive  that  the  designs  may 
be  in  correct  proportions. 

SHIPMENT   OF   STANDARDS 

The  concrete  lighting  standards 
for  the  several  bridges  at  Houston 
were  shipped  from  the  factory  at 
Terre  Haute,  Ind.,  in  carload  lots 
and  assembled  at  the  sites  where  re- 
quired. Each  standard  is  shipped  in 
several  parts  such  as  the  base,  shaft, 
collars,  capital,  cross-arms,  etc.  Al- 
most any  design  is  available,  the  ones 
used  here  having  a  Doric  capital,  as 
shown  in  Fig.  1.  These  standards 
may  be  obtained  in  any  length  and 
may  be  placed  on  the  sidewalk  or  on 
top' of  bridge  balustrade.  The  stand- 
ards used  here  are  placed  on  pedes- 
tals which  form  a  part  of  the  balus- 
trade, as  shown  in  Figs.  2  and  3. 

DESIGN-    AND    ERECTION    OF    STANDARDS 

The  standards  are  constructed 
with  a  hollow  shaft  of  about  9,"  in 
the  center  of  the  post.  At  the  top 
conduits  run  out  into  the  four  cross- 
arms  from  a  central  junction  box. 
Four  9-in.  white  globes  are  placed  in 
a  pendant  position  at  the  extremities 
of  the  cross-arms  and  a  12-in.  globe 
is  placed  at  the  top,  in  the  center.  A 
]-in.  conduit  runs  from  a  nianliole  or 
other  connection  up  througli  tlie  ped- 
estal and  througli  the  Ii()lh)w  shaft 
in  the  standard  to  the  junction  box  at 
the  top.  When  pedestals  are  con- 
creted small  reinforcing  bars  are 
])laced  close  to  the  1-in.  conduit. 

In  placing  tlie  standard  each  sepa- 
rate part  is  placed  and  leveled  and 
a  very  thin  bed  of  mortar  ))laced  be- 
tween separate  parts.  When  all  of 
the  parts  are  in  position  and  plumbed 
jiroperly,  thin,  rich  grout  is  poured 
into  the  opening  at  the  top  and  flows 
around  the  reinforcing  bars  and  the 
conduit  which  run  up  through  the 
standard.  When  this  grout  sets  the 
standard  is,  for  all  practical  pur- 
l)oses,  a  part  of  the  pedestal. 


Fig.  3 — ^Side  View  of  Pedkstal  for 
Light  Post 

The  globes  are  fastened  to  bronze 
fittings  or  holders  with  bronze 
screws. 

The  cost,  f.  o.  b.  factory,  of  each 
natural  gray  concrete  standard  was 
as  follows : 

Standard    $10.00 

4  9-in.  wliite  Alba 
globes  and  1  12-in. 
wliite    Alba    globe.  .     4.00 

5  cast  bronze  holders 

for  globes   4.00 

Total    $18.00  for  each  standard 

This  is  remarkably  low  in  com- 
parison with  the  cost  of  the  average 
design  in  cast  iron. 

The  standards  were  manufactured 
by  the  Pettvjohn  Co.,  Terre  Haute, 
liid. 


The  Fire  Protection  of  Struc- 
tural M  ember. s 

The  Insurance  Inst.,  Manchester, 
England,  has  just  awarded  a  prize 
for  the  best  essay  on  reinforced  con- 
crete construction  to  S.  Broadbent. 
After  dealing  with  the  early  history 
of  reinforced  concrete  in  England 
and  with  the  general  methods  of  pre- 
))aring  concrete,  the  writer  devoted 
the  bulk  of  his  paper  to  the  fire  pro- 
tection of  structural  members.  On 
this  subject  he  said: 

It  is  a  well-known  fact  that  concrete, 
when  subjected  to  intense  heat  of  aixtiit 
1,000°  F.  or  over,  for  a  continuous  })er- 
iod  will  lose  a  part  of  the  water  taken  u)) 
in  crystal  ligation.  This  is  known  as  de- 
hydration, and  when  dehydration  is  coin- 
))"lete  the  strength  of  the  concrete  is  de- 
stroved. 


Dehydration,  however,  is  a  very  slow 
process,  and  will,  even  in  the  most  severe 
fire,  only  extend  to  the  depth  of  1"  of 
tlie  concrete,  although  cracks  may  ex- 
tciul  further.  J)chydrated  material,  be- 
ing a  poor  conductor  of  heat  and  gen- 
erally remaining  in  place  for  some  time 
at  least,  protects  the  mass  of  concrete 
from   further  dehydration. 

It  is  not  good  practice,  as  a  general 
])roi)osition,  to  use  the  same  material  for 
structural  duty  and  for  resisting  fire. 
The  fire  alone  will  give  stresses  enough 
for  the  material  to  resist  without  having 
to  resist  any  structural  load. 

If  the  quantity  of  concrete  on  the  out- 
side of  a  reinforced  colunui  or  l)eam  is 
increased  so  as  to  allow  a  loss  of  the  ma- 
terial during  a  fire  without  affecting  the 
load-bearing  quality  of  the  structural 
member,  the  additional  material  added 
for  fire-resisting  will  participate  in  the 
load  carrying,  in  spite  of  all  that  is  done, 
and  this  would  render  it  less  able  to  re- 
sist a  fire. 

Furthermore,  should  the  fire  be  so 
severe  as  to  cause  deliydration,  cracks 
may  extend  beyond  the  deliydrated  por- 
tion to  the  steel  reinforcement,  with  ob- 
vious results,  owing  to  the  column  or 
beatn  covering  being  a  homogeneous  ma- 
terial. 

The  ideal  way  to  protect  a  structural 
member  would  be  to  construct  tha^  mem- 
ber as  a  unit  of  sufficient  strength  to 
withstand  all  structural  loads,  and  then 
to  place  the  fire-protective  covering  on 
separately.  This  would  allow  dehydra- 
tion without  affecting  the  load-bearing 
quality  of  the  member,  and,  also,  shoidd 
cracks  occur,  it  is  probable  that  they 
would  not  extend  further  than  the  cov- 
ering owing  to  its  separate  construction. 

For  this  reason,  to  insure  a  first-class 
fire-resisting  risk,  a  thickness  of  1"  of 
concrete  on  the  outside  of  a  structural 
member  is,  to  my  mind,  sufficient  for  a 
separate  fire  protective  covering  for  a 
reinforced  member,  while  3"  should  be 
regarded  as  necessary  if  the  fireproofing 
is  incorporated  with  the  material  for  the 
column  itself. 

The  above,  however,  should  be  regard- 
ed as  a  general  statement,  the  covering 
necessary  being  dependent  u]>on  the 
class  of  trade  for  which  the  building  is 
to  be  used  and  the  likelihood  or  other- 
wise of  a  fire  therein  attaining  a  high 
temperature,  and  discretion  should  be 
used  in  specifying  whenever  an  oppor- 
tunity occurs,  which  I  think  will  not  be 
very  frequent  under  existing  conditions, 
owing  to  the  extra  cost  involved  by  sep- 
arately protecting  a  reinforced  member. 
It  is  my  personal  opinion  that  the 
rides  ajiplicable  to  buildings  of  fire- 
resisting  construction  could,  with  advan- 
tage, be  revised  and  extended,  as  also 
could  the  discounts  allowed,  particularly 
in  regard  to  buildings  of  reinforced  con- 
crete construction. 


The  use  of  building  ]iaper  in  lin- 
ing forms  needs  constant  attention 
in  order  to  secure  satisfactory  re- 
sults. The  paper  is  easily  torn  in 
placing  reinforcement  and  in  shift- 
ing the  forms,  requiring  much  patch- 
ing. It  is  also  somewhat  difficult  to 
keep  the  jiaper  absolutely  smooth  so 
that  the  final  surface  does  not  show 
any  WTinkles. 
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Synthetic  Stone  as  Used  in  the  Construction 
of  Catskill  Aqueduct  Buildings' 


By  H.  Lincoln  Rogers' 


[In  connection  with  this  important 
paper  by  Mr.  Rogers  on  Manufac- 
tured Stone,  this  magazine  is  able  to 
present,  with  the  illustrations  sup- 
plied by  the  author,  some  additional 
illustrations  from  photographs  of 
other  interesting  work  in  concrete 
stone.  These  additional  plates  show 
work  of  the  same  manufacturers 
whose  products  are  described  by  Mr. 
Rogers. — Editors.] 

Catskill  mountain  water,  delivered, 
in  N.  Y.  C.  in  the  tremendous  vol- 
ume of  500,000,000  gals,  daily,  is 
the  plan  of  the  Bd.  of  Water  Sup- 
ply of  N.  Y.  C.  The  work  extends 
from  Ashokan  reservoir,  12  mi.  west 
of  Kingston,  into  various  boroughs 
of  N.  Y.  C,  a  distance  approximat- 
ing 125  mi.  The  valve-operating 
and  unwatering  machinery,  neces- 
sary for  the  operation  of  the  aque- 
duct, is  planned  to  be  housed  in  53 
buildings,  located  as  needed  at  the 
headworks  and  along  the  line  of  the 
aqueduct. 

Synthetic  stone,  as  a  building  ma- 
terial, worthy  of  serious  considera- 
tion for  use  in  these  buildings,  was 
first  brought  to  the  writer's  attention 
about  eight  yrs.  ago,  by  Alfred  D. 
Flinn,  at  present  deputy  Ch.  engr. 
of  the  Board,  who  had  observed  suc- 

^Presented  at  the   llth  Annual  Convention, 
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cessful  applications  of  its  use  in  Bos- 
ton. Subsequent  investigations,  ex- 
periments and  tests  of  this  material 
have  since  been  continuously  carried 
on  jointly  by  Mr.  Flinn  and  the 
writer. 

Inquiries,  begun  in  1906,  to  as- 
certain the  names  of  experienced  and 
reliable  manufacturers,  showed  a 
sufficient  number  to  warrant  open 
competition  in  public  letting.  Num- 
erous plants  were  then  visited  and 
close  observation  made  of  the  meth- 
ods and  care  with  which  the  details 
of  manufacture  were  carried  on  at 
each  place. 

The  kinds  and  quality  of  aggre- 
gate, the  grading,  proportioning, 
mixing  and  curing  were  carefully 
examined,  including  the  means  era- 
ployed  for  maintaining  a  constant 
agitation  of  the  mix,  until  poured 
into  the  molds.  The  organization, 
plant  lay-out  and  general  equipment 
for  handling  large  work  were  also 
noted. 

Each  manufacturer  visited  was  re- 
quested to  show  buildings  or  struc- 
tures in  which  his  product  was  used, 
either  in  a  large  or  a  small  way. 
Such  structures  were  examined  close- 
ly for  crazing  or  cracking,  effects 
of  weathering  and  general  appear- 
ance, particularly  in  contrast  with 
available  natural   building  stones. 

The    product     of     other    concrete- 


stone  manufacturers  was  similarly 
investigated  when  brought  to  our  at- 
tention. 

These  preliminary  investigations 
were  highly  favorable  to  synthetic 
stone,  but  not  fully  conclusive.  If 
satisfactory,  it  was  evident  that  the 
use  of  this  material  in  the  Catskill 
aqueduct  buildings  offered  many  op- 
portunities to  effect  economics  and 
yet  indulge  in  architectural  designs 
that  would  be  extravagant  if  ])ro- 
duced  in  acceptable  natural  stone. 
It  was  also  apparent  that  with  the 
rapid  growth  foreseen  for  this  prod- 
uct many  amateurs  would  enter  this 
field,  and  inexperienced  manufactur- 
ers, producing  doubtful  and  inferior 
material,  would  have  to  be  reckoned 
with.  Great  care  would  also  have  to 
be  exercised  in  drawing  the  specifi- 
cations and  contract  for  public  let- 
ting so  as  to  secure  synthetic  stone 
of  the  best  quality  and  only  that 
manufactured  by  skilled,  experi- 
enced men  in  well  organized  and 
equipped  plants. 

In  most  instances  it  was  found 
that  the  best  manufacturers  were 
eager  to  profit  by  suggestions  in  re- 
gard to  improving  the  artistic  ap- 
pearance of  their  product,  which  in 
many  aspects  was  lacking  from  an 
architect's  point  of  view.  For  in- 
stance, much  of  the  synthetic  stone 
was    dull,   lifeless   and   timid   in   ap- 
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pearance  and  lacked  the  variations, 
color  and  charm  usually  found  in 
most  natural  stones. 

There  seemed  no  reason  why  syn- 
thetic stone  should  not  shake  off  its 
uninteresting  monotone  and  cement 
shroud.  To  overcome  this  and  to  se- 
cure the  appearance  of  natural  stone 
tints,  the  admixture  of  small  pro- 
portions of  mineral  color,  horn- 
blende, black  marble  and  similar 
natural  colored  aggregates  was  ex- 
perimented with.  First  results  along 
this  line  were  not  very  happy  and 
suggested  the  made-up  appearance 
of  the  stage  and  not  the  tint  of  Na- 
ture. After  many  experiments  and 
trials  and  the  expenditure  of  much 
time,  this  "made-up"  appearance  was 
OTcrcome  and  the  results  produced 
variegated,  accidental  tones  in  sev- 
eral chosen,  warm,  mellow  shades, 
each  developed  as  a  general  color 
scheme  suitable  for  an  entire  build- 
ing or  group  of  buildings. 

Attention  was  then  directed  to  the 
surface  finish.  Few  of  the  manufac- 
turers had  given  effective  thought  to 
procuring  that  wide  range  in  tex- 
ture— so  familiar  and  attractive  in 
natural  stone.  In  this  line  also  any 
attempted  advance  or  departure 
from  the  familiar  but  uninteresting 
mechanically  grooved  4-cut  and  6- 
cut  work  or  rubbed  surfaces  seemed 
to  have  been  timid  and  ineffective. 
A  few  of  the  manufacturers,  how- 
ever, had  made  creditable  progress. 

Eventually  a  complete  set  of  spec- 
imens was  produced  which  satisfac- 
torily ran  the  whole  gamut  of  natural 
stone  texture,  including  some  inter- 
esting variations  made  with  a  sand- 
blast before  the  stone  was  very 
hard. 

From  the  very  beginning  a  collat- 
eral series  of  tests  was  conducted, 
in  conjunction  with  the  observations 
above  described,  at  the  laboratory  of 
the  Board  of  Water  Supply.  Sam- 
ples of  staple  and  special  output 
from  the  factories  visited  were  here 
subjected  to  tests  under  prescribed 
regulations  which  required  that  an 
inspector  of  the  Department  of  Wa- 
ter Supply  should  visit  the  factory 
and  take  pourings  from  the  regular 
commercial  output — in  molds  2"  X  4" 
x  8"  in  size,  and  cylinders  8"  in 
diam.  and  l6"  long.  These  were 
marked  for  identification  by  the 
Board "s  inspector  and  shipped  to  the 
Board  s  laboratory  for  tests  when 
28  das.  old.  Half  specimens  from 
transverse  tests  were  used  for  ab- 
sorption tests. 

Tiie  schedules  in  Tables  1  and  2 
are  fair  examples  of  the  tests  on  ac- 
ceptable manufacturers'   products. 

Comparative  estimates  of  cost, 
based  on  tentative  designs,  were 
made  between  structures  embodying 

\}2C] 


Table    I — Compressive    and    Transverse    Test 
OF  Concrete-Stone 

Contract    121 — Specimens 
contrac 
Compre.ssive 
lbs  per 
Spec.  No.      sq.  in.,  28  da. 
A-1              

made   at 
tor 

Size  of 
specimen 
2"x4"x8" 
2"x4"x8" 
2"x4"x8" 
2"x4"x8" 
2"x4"x8" 
2"x4"x8" 
8"xl6" 

in  rigid 
in  sand  m 

works   of 

rransverse 

Load,  lbs. 

1.340 

1,460 

1,540 

A-2 

1,820 

1,830 

1,930 

A-3 
A-4 

Note:    A-1 
A-2 

3, 14.5 

3,220 

4,250 

4,540 

3,735 

3,095 
and   A-3  cast 
and  A-4  cast 

molds 
olds 

Table   II 

—Absorption 
Ston 

Test   of   Concrete- 

Spec.  No. 
0        15 
0        16 
0        17 
0      •   18 
0         19 
0          20 

Wt.  after 
drying 
1,406.0 
1,120.6 
1,362.3 
1,209.6 
1,268.6 
1,552.5 

Wt.  after 
48  hrs.  im 
1,517.0 
1,161.8 
1,411.5 
1,248.1 
1,305.7 
1,596.5 

Absorp. 
3.5 
3.6 
3.6 
3.2 
2.9 
2.8 

...     3.3 

good,  acceptable,  durable,  synthetic 
stone,  various  available  natural 
stones  and  combinations  of  suitable 
brick  and  natural  stones.  These 
estimates  showed'  economies  in  the 
use  of  synthetic  stone  ranging  from 
10%  to  as  high  as  35%,  varying  ac- 
cording to  the  simplicity  or  ornate- 
ness  of  the  architectural  designs. 

Satisfied  with  the  results  of  physi- 
cal tests,  assured  of  economies  and 
freedom  in  design,  plans  and  speci- 
fications were  prepared  for  five 
buildings  to  be  faced  with  synthetic 
stone  simulating  granite  of  a  pink- 
ish hue.  The  specifications  required 
the  contractor  to  submit  for  approval 
the  name  and  address  of  the  manu- 


facturer from  whom  it  was  proposed 
to  order  the  synthetic  stone,  also  the 
names  of  at  least  three  buildings  not 
less  than  five  years  old  in  which  the 
product  of  the  concern  might  be 
seen  exposed  to  weather.  Large  sam- 
ples showing  surface  finish  and 
color  tone  were  required  to  be  sub- 
mitted for  approval  before  placing 
the  order. 

The  specifications  also  demanded 
the  following  requirements : 

Test  specimens  of  tlie  concrete-stone 
.shall  be  made  under  the  observation  of 
the  engineer  or  arcliitect,  from  the  con- 
crete mixture  being  used  in  the  manu- 
facture of  concrete-stone.  There  shall 
not,  however,  be  demanded  more  than 
five  sets  of  three  specimens  each,  for  any 
building,  unless  some  of  the  tests  show 
that  concrete-stone  of  unsatisfactory 
quality  is  being  produced. 

Test  specimens  each  2"  x  4"  x  S" 
in  size,  not  less  than  28  das.  old  shall, 
when  placed  flatwise  on  supports  7" 
apart,  sustain  without  fracture  a  trans- 
verse center  load  of  1,000  lbs. 

Test  cylinders  8"  in  diam.,  16"  long, 
not  less  than  28  das.  old,  shall  support 
when  dry,  without  cracking,  a  compres- 
sive load  of  2,500  lbs.  per  sq.  in.,  each 
specimen  being  projierly  supported  on 
its  bed. 

Half  specimens  from  transverse  tests 
after  drying  at  about  180°  F.  to  con- 
stant weight  shall  be  placed  in  water 
flatwise  so  that  their  upper  surfaces 
are  %"  above  the  surface  of  the  water 
and  shall  so  be  maintained  for  48  hrs. 
At  the  expiration  of  this  time  the  upper 
surfaces  of  the  specimens  shall  be  dry, 
and  no  specimen  shall  have  absorbed 
more  thas  4%  by  weight  of  water. 

All  concrete-stone  shall  be  sufBciently 
reinforced  with  steel  to  withstand  trans- 
portation and  erection  and  to  prevent 
cracking  from  any  cause.  All  lintels 
Rnd  similar  members  shall  be  additional- 
ly reinforced  to  carry  the  loads  to  be 
borne.      Each    stone    sliall    be    provided 


Fig.   2 — Setting  Manufactured  Stone  Fon  Boabd  of  Water  Supply 
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Fig.  3 — FboNT  Euivaxion,   Stphon"  Chamber,  Catskill  Aque- 
duct, Built  of  Manufactured  Stokte 


Fig.  4 — Aqueduct  Building — Elevation — of  Brick  and  Con- 
crete Stone 


with  a  suitably  placed  lifting  ring  or 
other  device  for  handling  it  without 
marring  the  revealed   faces. 

Concrete-stone  shall  be  manufactured 
sufficiently  in  advance  of  the  require- 
ments of  erection  to  have  attained  an 
age  of  about  2  mos.  before  shipment 
unless  permission  be  given  to  ship  soon- 
er on  satisfactory  evidence  that  the  con- 
crete-stones will  not  be  damaged  there- 
by. *  *  *  *  Any  concrete-stones 
marred  before  their  acceptance  in  the 
buildings,  walls,  balustrades  or  car- 
touches shall  be  promptly  replaced  with 
satisfactory    concrete-stoniee. 

Exposed  faces  of  concrete-stones  shall 


Fig.  5 — Partial  Elevation  of  Aqueduct 
Structure  Built  of  Manufactured 
Stone 


be  tooled  equivalent  to  approved  sam- 
ples, in  general  similar  to  the  following 
kinds  of  stone-cutting:  Bull  pointed, 
rough  pointed,  fine  pointed,  or  patent 
hammered,  four,  six  or  eight  cuts  to  the 
in.  *  *  *  *.  Other  styles  of  finish 
of  approximately  equal  cost  may  be  or- 
dered or  approved  for  any  concrete- 
stones. 

Emerson  &  Norris  Co.,  New 
York  and  Boston,  supplied  the  syn- 
thetic stone  for  our  first  work  (Fig. 


2).  Specimens  of  the  mix  as  poured 
for  the  work  were  taken  from  time 
to  time  and  tested  for  transverse  and 
compressive  strengths  and  for  ab- 
sorption. 

The  stones  were  delivered  at  the 
work  and  set,  care  being  taken  to 
roughen  the  beds  slightly  in  order  to 
get    a    good    bond.       (See    Fig.    2). 
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As  eacli  building  was  completed  the 
syntlietic  stone  was  tooled  in  place. 
(See  Figs.  15  and  16.)  Several  ad- 
vantages resulted  from  this  method. 
Stones  on  which  arrises  were  marred 
in  transportation  or  handling  were 
set  forward  sufficiently  to  permit  new 
arrises  to  be  cut  when  tooled,  at  lit- 
tle expense;  contrast  in  texture  was 
better  judged  and  desired  modifica- 
tions not  seen  at  the  shoj)  were  made 
possible,  wliereas  in  the  sliop  at  best 
only  a  limited  number  of  tooled 
stones  can  be  jjiled  u])  for  inspec- 
tion. The  stones  have  had  more 
time  to  harden  and  the  tooling  is  thus 
made  sharper  and  more  crisp.  (Fig. 
13).  All  mortar  slop,  rust  from  steel 
work  and  other  stains  are  entirely 
removed  in  this  way  and  the  stone- 
work left  thoroughly  clean. 

The  next  contract  let  comprised 
seven  buildings  of  brick  with  syn- 
thetic stone  trim.  (Fig.  -1.)  The 
brick  used  were  the  culls  of  shale 
paving  brick  S%"  x  4"  x  9",  laid 
up  with  raked-out  1-in.  white  ce- 
ment mortar  joints.  These  culls,  due 
to  their  bent  and  twisted  faces,  of 
varying  red  shades  ranging  to  a 
blue-black,  gave  a  general  tapestry 
brick  effect  on  a  large  scale,  har- 
monizing well  with  the  purpose  of 
the  building,  its  size  and  setting. 

The  synthetic  stone  for  this  set 
simulated  buff  sandstone  and  was 
produced  by  the  admixture  of  min- 
eral pigment".  Added  character  was 
furnished  by  the  aggregate,  which 
included  Gouverneur  marble,  white 
and  blue. 

The  Onondaga  Litholite  Co., 
Syracuse,  N.  Y.,  through  the  Wat- 
son Engineering  Co.,  N.  Y.  C,  fur- 
nished the  stone  for  this  work.  This 
synthetic  stone  was  entirely  cut  at 
the  factory  in  Syracuse.  (Figs.  17 
and  21).  Several  specimen  stones 
were  first  cut  and  tentatively  ap- 
proved, after  which  an  entire  door- 
way was  cut  and  set  up  in  the  fac- 
tory for  criticism. 

Tlie  synthetic  stone  delivered  for 
these  buildings  were  highly  satisfac- 
tory and  the  work  progressed  with 
no  delay  due  to  delivery  of  concrete- 
stone. 

The  next  contract  was  for  nine 
buildings,  and  the  balustrades  and 
cartouches  for  a  bridge  at  or  near 
the  Ashokan  reservoir.  This  work 
contained  about  100,000  cu.  ft.  of 
synth(?tic  stone  (See  Figs.  5  and  6) 
and  balustrade  and  cartouches  for 
bridge  (Figs.  19  and  20).  There  are 
about  2,500'  of  bridge  balustrade. 
Estimates  made  during  the  prejiara- 
tion  of  the  drawings  and  sj)ecifica- 
tions  showed  the  volume  of  synthetic 
stone  contained  in  this  contract, 
probably   the     largest     single    order 

>Clinton  Metallic  Paint  Co.,  Clinton,   N.  V. 


Fig.  6 — Partiai,  Elevation'  at  Top,  and 
Detail  Siiowixg  Reinforced  Lintels — 
Catskill  Aqueduct   Building 
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Fig.  7 — Detail  of  Liox's  Head  of  Foux- 
TAix  Showx  IX  Fig.   10 

Fig.  8 — Detail  To  Show  Texture  of 
Tooled  Surface  of  Concrete  Stoxe — • 
E:mersox  &  NoRRis  Co.,  Maxufacturer 
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Fig.     9 — Detail     of     Parailel     Tooled 
Coxcrete    Stoxe    Surface 
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Fig.  10 — ^Axgell  Me^morial  Fouxtaix, 
Bostox,  Built  of  Coxcrete,  By  Emer- 
sox   &   NoRRis   Co. 
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Fig.  11 — Reixforced  Concrete  Screen, 
Hand  Cab\'ed,  Hamilton  Coi.i.ege  Lib- 
rary, Clinton,  N.  Y.;  Made  by  Onon- 
daga   I^lTIIOLITE    Co.,    SvRACrSE 

Fig.  13 — iConcrete  Fireplace  Trim, 
Hamilton  College  Library,  Made  By 
Onondaga   Litholite   Co. 
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Fig.  13 — Concrete  Stoke,  Tooixd  ix 
Place,   Catskill   Aqueduct   Buildixg 

Fig,  14 — Concrete  Window  Tracery. 
Memoriai,  Church,  Fall  Rn-ER,  Mass., 
Made  By  Emerson  &  Norris  Co. 
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Figs.  15  &  IC — Generat-  and  Detail 
Views  Concrete  Stone  Tooixd  in  Place, 
Catskill   Aqueduct   Building 

Fig.  17 — Concrete  Trim  Stone,  Tooled 
at  Factory — Catskill  Aqueduct  Build- 
ing 
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Fig.    18 — General   View   Angell  Foun- 
tain, Boston,  Built  of  Concrete 
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Fig.  20 — Detail  of  Cartouche   for   Bridge   Balustrade   in  Fig.  19 


Fig.  19 — Bridge  Balustrade,  Part  of  Catskill  AauEoucT,  of  Concrete  Stoxe 


ever  required.  Manufacturers  were 
requested  to  submit  large  specimens 
for  approval.  Permission  was  also 
given  to  synthetic  stone  manufac- 
turers to  submit  as  specimens,  should 
they  desire,  a  small  full-size  section 
of  the  balustrades  and  parapet  walls 
required  for  the  Ashokan  bridge. 
Space  was  acquired  in  Central  Park 
near  the  sheep-fold  where  thej'^ 
could  be  erected  as  approved  speci- 
mens of  the  synthetic  stone  for  ob- 
servation by  prospective  bidders  and 
later  serve  as  a  useful  purpose  to 
the  city.     (See  Fig.  1). 

The  contract  prices  for  these  nine 
buildings  and  bridge  balustrades  and 
cartouches  was  $345,535.  The  syn- 
thetic stone  is  dark,  warm  gray, 
simulating  granite.  Synthetic  stone 
for  one  building  is  now  delivered 
and  the  balance  is  being  manufac- 
tured as  needed  by  the  general  con- 
tractor. This  work  will  be  tooled  in 
place  when  the  buildings  are  com- 
pleted. The  balustrades  and  car- 
touches for  the  Ashokan  bridge 
(1,260'  in  length)  are  to  have  a  sur- 
face finish  made  with  a  sand-blast, 
to  harmonize  more  nearly  with  the 
finished  surfaces  of  the  substructure 
of  the  bridge.  The  concrete-stone 
for  this  work  is  being  made  by  the 
Emerson  &  Norris  Co. 

Another  contract  now  in  progress 
contains  1 1  buildings  of  brick  and 
synthetic  stone  similar  to  those  pre- 
viously described.  The  synthetic 
stone  is  being  made  by  the  Art 
Stone  Co.,  Millers  Falls,  Mass. 
Synthetic  stone  as  delivered  for  the 
first  two  buildings  was  tooled  at  the 
factory.  This  policy  was  aban- 
doned as  the  advantages  of  tooling 
in  place  were  soon  apparent  to  the 
manufacturers. 

We  have  now  ready  for  contract 
bidding  six  large  buildings  near  the 
Kensico  reservoir.  These  buildings 
are  to  be  similar  in  design  and  color 
to   the   Ashokan   reservoir  buildings. 

From  the  designs  shown  in  the  il- 
lustrations from  photographs  and 
from  drawings  it  is  clear  that  syn- 
thetic stone  was  used  as  any  natural 
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building  stone.  No  attempt  was 
made  to  originate  any  new  architec- 
tural style  for  this  material,  nor 
was  one  needed.  The  typical  con- 
struction motif  of  today — the  steel 
frame — is  only  masked,  with  a  make- 
believe  front,  full  of  contradiction 
and  pretense.  Synthetic  stone,  re- 
inforced, at  least  offers  a  construc- 
tive system,  and  its  apparent  form  is 
an  honest  expression  of  its  real  form, 
whereas  in  natural  stone  there  is 
many  times  no  organic  relation  be- 
tween the  real  and  the  apparent  con- 
struction. 


In  conclusion,  synthetic  stone  has, 
to  the  architect,  the  salient  advantage 
of  honestly  expressing  its  true  func- 
tion as  a  structural  member,  and  the 
further  practical  one  of  being,  as 
well  as  of  seeming,  fireproof. 

Its  susceptibility  to  repetitive 
modeling  places  in  the  hands  of  the 
designer  the  opportunity  of  adding 
fitting  detail  to  the  good  proportion 
and  composition  of  a  design  often 
prohibitive  in  cost  when  executed  in 
natural  stone.  The  lack  of  this  es- 
sential has  robbed  many  designs  of 
their  potential  interest  and  charm. 


Fig.  21 — Catskill   Aqueduct   Biit.dixg,  Trim  of  Concrete   Stoxe 
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Notes  on  Construction  of  the   Eden   Park   Reser- 
voir, Cincinnati 

By  K.  C.  Grain' 


The  final  course  is  the  concrete^  6" 
thick,  a  plain  mixture  in  the  usual 
1 :2 :4  proportion  being  used,  applied 
fairly  stiff  and  dry.  No  waterproof- 
ing material  is  used  in  this  concrete, 
the  felt  being  relied  upon  almost  en- 
tirely, with  the  concrete  itself,  to  pre- 
vent seepage.  The  concrete  is 
placed  in  sections  15'  x  15',  held  in 


A  concrete  job  which  is  of  con- 
siderable interest  in  several  particu- 
lars, not  so  much  by  reason  of  its 
size  in  the  matter  of  the  amount  of 
material  used  as  on  account  of  the 
unusual  features  involved  in  hand- 
ling the  concrete,  and  the  difficulties 
which  had  to  be  overcome  before  the 
actual  work  of  placing  the  concrete 
itself  began,  is  that  of  placing  a  wa- 
terproof lining  in  the  west  basin  of 
the  Eden  Park  reservoir,  in  Cincin- 
nati, shown  in  Fig.  1.  The  work  has 
been  under  way  for  nearly  a  year, 
and,  after  being  delayed  by  various 
causes,  is  now  nearly  completed. 

The  extent  of  the  surface  to  be 
concreted  may  be  gathered  from 
the  fact  that  the  basin  is  between  40' 
and  50'  deep,  for  the  most  part,  and 
has  a  capacity  of  about  50,000,000 
gals. ;  and  while  the  amount  of  con- 
crete involved,  a  little  over  6,200  cu. 
yds.,  is  not  large,  as  indicated  above, 
the  amount  of  work  necessitated  by 
the  conditions  of  the  job  was  such 
as  to  make  the  task  of  the  contractor 
far  from  easy,  as  the  time  which  has 
been  consumed  shows.  While  the 
contract  was  signed  in  June,  1913, 
and  work  begun  the  following  July, 
it  was  expected  tliat  the  work  could 
be  well  completed  within  the  time 
limit  of  152  das.,  which,  however, 
was  found  to  be  impossible.  A 
liberal  extension  failed  to  enable  the 
contractor  to  get  tlirough,  and  there 
is  now  a  considerable  over-time 
charge,  at  the  contract  rate  of  $25  a 
day,  eating  into  the  profits  of  the 
job. 

CONCRETE    LINING 

The  new  lining,  as  indicated,  is 
required  for  tlie  purpose  of  render- 
ing the  basis  waterproof,  the  old  lin- 
ing, which  was  also  of  concrete,  laid 
in  1876,  in  the  infancy  of  the  art  of 
handling  that  material,  having  proved 
within  recent  years  entirely  inade- 
quate from  this  standpoint.  Seepage 
caused  a  daily  loss  running  as  high 
as  2,000,000 'gals,  a  day  from  the 
two  basins  comprising  the  reservoir, 
according  to  tlie  estimates  of  the  wa- 
ter works  department  of  the  city; 
and  this  waste  called  for  preventive 
measures,  which  meant  taking  out 
the  old  lining  and  substituting  one 
which  would  liold  water. 


'Cincinnati 

[13',] 


Fig.  1 — ^Gexeral  View  of  the  Edek  Park  Reservoir,  Cixcinnati 


Notwithstanding  the  fact  that  the 
old  concrete  lining  had  proved  inef- 
fectual, after  its  long  service,  the 
engineers  entrusted  with  the  task  of 
making  the  basin  waterproof  did  not 
permit  that  to  bias  their  judgment, 
and  therefore  concrete  was  again 
selected  as  the  most  suitable  mate- 
rial for  the  inside  finish  of  the  reser- 
voir, from  every  standpoint.  It  was 
appreciated,  however,  that  the  tre- 
mendous quantity  of  water  indicated 
would  inevitably  seep  through  the 
concrete,  as  through  any  other  mate- 
rial, by  its  own  weight,  and  addition- 
al waterproofing,  as  well  as  drainage 
through  the  bottom,  is  therefore  pro- 
vided. 

The  new  lining  accordingly  con- 
sists of  the  following,  the  only  dif- 
ference between  the  sloping  sides 
and  the  bottom  being  that  the  old 
concrete  was  removed  on  the  sides 
and  was  left  on  the  bottom:  Grading 
to  a  proper  surface  (on  the  slopes) 
after  the  removal  of  the  old  con- 
crete, which  necessarily  tore  up  the 
earth  considerably,  and  upon  the 
grade  the  placing  of  6"  of  crushed 
rock,  not  smaller  than  1"  or  larger 
than  .S",  compacted  as  thoroughly  as 
possible.  Next  comes  the  water- 
proofing material,  which  consists  of 
a  continuous  sheet  of  asphaltic  felt, 
furnished  by  the  Barber  Asphalt  Co.' 
This  material,  delivered  in  sheets 
15'  long  and  4'  wide,  and  about  I/2" 
thick,  is  joined  together  with  a  6-in. 
overlap,  at  which  pitch  is  applied  to 
make  a  firm  joint,  so  that,  as  stated, 
the  whole  is  practically  a  continuous 
sheet  all  over  the  basin. 


^riilludelphia 


place  by  plates  of  steel  of  about  that 
length,  and  6"  or  7"  wide,  wired  to- 
gether at  the  ends.  On  the  bottom 
the  concrete  is  mixed  with  a  %-yd. 
machine,  operated  by  a  10-h.p.  mo- 
tor, and  wheeled  to  place,  being 
spread  by  men  with  shovels.  A 
smooth  surface  mixture  is  applied  in 
buckets  and  troweled  to  the  desired 
finish.  Tarpaulins  have  been  regu- 
larly used  when  the  weather  required 
protection  for  the  concrete. 

The  depth  of  the  basin,  which  is 
about  50',  results  in  long  slopes  from 
the  edge  to  the  bottom,  except  where 
the  dividing  wall  separating  the  west 
from  the  east  section  of  the  reser- 
voir occurs ;  and  these  slopes,  pro- 
bably comprising  an  area  about  equal 
to  that  of  the  bottom,  if  not  greater, 
offered  a  problem  to  the  contractor 
at  every  stage  of  the  work,  begin- 
ning with  the  removal  of  the  old 
concrete  and  continuing  up  to  the 
placing  of  the  new.  If  the  job  had 
been  as  easy  throughout  as  the  work 
on  the  bottom  it  is  safe  to  say  that 
it  would  have  been  completed  well 
within  the  stipulated  time  limit;  and 
the  fact  that  it  is  still  under  way  in- 
dicates accurately  the  difficulty 
which  has  been  experienced  with  this 
part  of  the  work. 

As  indicated,  the  removal  of  the 
old  concrete  offered  the  first,  and 
perhaps  the  greatest,  obstacle.  At 
the  time  when  it  was  placed  in  the 
reservoir,  in  1876,  it  seems  that  con- 
crete was  not  greatly  trusted  as  a 
material  that  could  be  relied  upon 
to  withstand  pressure,  and,  in  conse- 
quence, the  slab  was  made  of  wholly 
unnecessary  thickness,  judged  by 
present  day  standards.     In  places  it 
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was  found  to  be  as  mucli  as  18" 
thick,  and  its  removal  was  a  matter 
requiring  the  use  of  dynamite.  Holes 
were  drilled  immediately  under  tlie 
slab,  beginning  at  the  upper  edge 
and  proceeding  downward  as  the  ma- 
terial was  removed,  and  small  quanti- 
ties of  the  explosive,  half  a  stick  and 
upward,  exploded.  This,  of  course, 
was  a  rather  slow  process,  when  the 
area  to  be  covered  is  considered,  and 
resulted  in  the  delay  indicated. 

It  was  originally  intended  to  re- 
move the  concrete  on  the  bottom  as 
well  as  that  on  the  sides,  and  the 
contract  called  for  this  work.  The 
difficulty  experienced,  however,  to- 
gether with  the  consideration  that  the 
old  concrete  would  give  a  good  sur- 
face upon  which  to  lay  the  new  lin- 
in,  resulted  in  a  change  of  plan,  by 
which  the  old  concrete  was  left  in 
the  bottom  after  a  thorough  testing 
by  means  of  a  heavy  roller.  No  weak 
spots  were  discovered,  and  the  bot- 
tom was  accordingly  left  untouched. 
A  corresponding  deduction  from  the 
original  contract  price,  which  was  in 
the  neighborhood  of  $100,000,  was  of 
course  made  for  this  change. 

It  being  impossible  to  work  scrap- 
ers, rollers  or  other  machinery  on  the 
sides,  which  slope  gradually  enough 
for  a  reservoir,  but  entirely  too  steep- 
ly for  the  use  of  machinery,  grad- 
ing had  to  be  done,  after  the  dis- 
turbance of  the  earth  resulting  from 
the  use  of  dynamite  in  the  removal 
of  the  old  concrete,  by  the  use  of 
hand  tools  only,  and  this  was  natur- 
ally much  slower  than  similar  work 
on  the  level,  with  the  usual  equip- 
ment. In  the  same  manner,  the 
placing  of  the  crushed  rock  and  of 
the  concrete  was  also  much  slower 
than  in  the  bottom,  where  this  work 
went  on  very  rapidly. 

EQUIPMENT 

Complicated  equipment  has  been 
used  in  this  part  of  the  work,  the 
whole  plant  being  collected  on  a  huge 
traveler  bearing  a  l/2-yd.  mixer  and 
the  motor  which  operates  it  (see  Fig. 
2),  washing  and  screening  machin- 
ery for  the  rock  and  sand  used,  a 
boom  carrying  a  clam-shell  bucket  to 
handle  material,  another  boom,  con- 
structed on  a  frame  to  the  traveler, 
to  handle  the  mixed  concrete  and  the 
rock  upon  the  slopes,  and  the  engine 
operating  these  booms.  This  equip- 
ment, arranged  as  indicated,  has  been 
fairly  satisfactory,  although  it  is  un- 
derstood that  the  capacities  of  the 
various  units  was  not  so  balanced  as 
to  enable  work  to  proceed  at  all  times 
on  all  parts  of  the  equipment. 

CONSTRUCTION   NOTES 

The  old  concrete,  the  aggregate  in 
which   was    river    gravel    of   various 
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Fig.  2 — Traveler  in  Operatiok,  Placing  Concrete  on  the  Eden  Park  Reservoir 
Fig.  3 — Handling  Concrete  on  the  Slopes  of  the  Eden  Park  Reservoir 


sizes,  was  crushed  and  used  in  place 
of  crushed  rock  as  long  as  it  lasted, 
both  on  the  bottom  course  and  in  the 
new  concrete.  When  it  was  exhaust- 
ed crushed  rock  hauled  to  the  job 
from  other  points  was  used,  and  this 
has  necessarily  been  the  material  for 
the. greater  part  of  the  job.  The  pro- 
cedure on  the  slopes  has  been  about 
as  follows:  Grading,  placing  crush- 
ed rock  by  means  of  boom  handling 
a  %-yd.  bucket,  distributing  rock, 
placing  felt,  placing  steel  plate 
forms  for  concrete,  placing  concrete 
by  means  of  boom  and  bucket,  dis- 
tributing concrete  with  shovels  (see 
Fig.  3)  and  application  of  top  dress- 
ing. 

The  clam-shell  bucket  lifts  the  ma- 
terial for  the  mixer  to  a  hopper  at 
the  upper  part  of  the  traveler,  from 
which  point  it  is  delivered  to  the 
mixer  by  chutes  as  needed.  The 
mixer  dumps  the  concrete  into  the 
bucket  referred  to,  which  is  then 
lifted  to  the  desired  point  in  the 
slope  by  means  of  the  elevated  boom 
(see  Fig.  2).  Being  a  solid  affair, 
the  bucket  has  to  be  emptied  by 
men  with  shovels,  and  this  is  natur- 
ally somewhat  slow,  although  shovel 
work  would  have  been  necessary  on 
the  slopes,  as  elsewhere,  in  leveling 
the  concrete  course. 

When  the  concrete  has  set  the  re- 


moval of  the  %-in.  plates  which 
serve  as  forms  leaves  room  for  a 
pitch  expansion  joint  which  was 
thought  desirable.  The  entrance  of 
surface  water,  which  may  find  its 
way  beneath  the  waterproofing,  as 
well  as  whatever  seepage  may  take 
place  from  within  the  reservoir,  is 
taken  care  of  by  means  of  10-in. 
cylindrical  clay  drain  tiles  placed  in 
the  bottom  of  the  reservoir,  draining 
to  a  central  outlet.  It  is  not  be- 
lieved, however,  that  there  will  be 
any  seepage  worth  mentioning  when 
the  new  lining  is  completed,  which 
should  be  within  a  short  time. 

Similar  work  will  be  done  on  the 
cast  basin  of  the  reservoir  soonor 
or  later,  and  probably  within  a  short 
time  after  the  basin  on  which  the 
work  is  now  in  progress  is  ready  to 
receive  water  again  after  its  A-ear's 
vacation.  The  Eden  Park  reservoir 
is  not  now  one  of  the  essential  units 
of  the  city's  water  systems,  being  in- 
tended only  as  a  sort  of  second  line 
of  defense,  for  use  in  emergencies, 
and  receiving  only  the  surplus  from 
the  water  pumped  into  the  mains  of 
the  citj.  It  is  considered  proper, 
however,  to  keep  it  in  efficient  shape 
as  long  as  it  is  to  be  maintained,  and 
the  work  referred  to,  to  eliminate  a 
heavy  waste  of  water,  resulted  ac- 
cordingly. 
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Preliminary  Work  in  Brick   Manufacture   by    Pa- 
tients in  a  State  Hospital 


By  Harvey  X.  Jexks,  C.  E.' 


The  present  article  contains  inter- 
esting information  as  to  why  the 
Norfolk  State  Hospital,  Norfolk, 
Mass.,  took  up  the  manufacture  of 
concrete  brick,  making  use  of  its 
patients  in  the  work,  and  it  gives  data 
as  to  preliminary  steps  taken  before 
brick  manufacture  was  undertaken 
on  a  rather  more  pretentious  scale. 
In  a  second  article  Mr.  Jenks  will 
describe  the  plant  built  and  supplied 
with  power  equipment  as  the  second 
step  in  the  enterprise. 


Early  in  19O8  the  writer  was  re- 
quested by  Dr.  I.  H.  NefF,  Supt.  of 
the  Norfolk  State  Hospital,  Norfolk, 
Mass.,  to  make  investigations  as  to 
the  practicability  of  making  concrete 
products  as  a  permanent  industry, 
depending  upon  the  patients  of  the 
institution  to  furnish  the  necessary 
labor. 

The  first  step  in  this  investigation 
was  an  exhaustive  search  of  the  ad- 
vertising pages  of  the  various  jour- 
nals devoted  to  the  interests  of  the 
concrete  industry.  The  next  step 
was  an  extensive  correspondence 
with  a  number  of  concrete  machin- 
ery manufacturers  with  the  final  re- 
sult of  a  decision  to  devote  the  fol- 
lowing winter  to  experimental  work 
with  brick.  Accordingly  a  Miracle" 
10-brick,  hand  machine  and  a  cap 
and  sill  mold  were  purchased  and 
work  started  in  the  basement  of  the 
gymnasium  building,  this  being  the 
only  available  place  for  conducting 
winter  work.  An  excellent  sand- 
bank was  found  on  the  property,  al- 
though the  sand  was  slightly  finer 
than  is  ideal  for  concrete,  and  a 
water  test  of  the  voids  showed 
3Il/^%;  it  was  decided,  therefore, 
to  adhere  to  a  mixture  of  1  :3,  not- 
withstanding the  fact  that  most 
manufacturers  recommend  1 :  !•.  The 
result  was  most  gratifying  and  tests 
for  absorption  sliowed  as  follows: 


Weifflit  %       % 

before  After  After  gained  gained 

immersion  3  lirs.  24  hrs.  3  hrs.  24  hrs. 

1  93  oz.  08  oz.  ]00oz.  5.375        7.32 

2  9loz.  98  oz.  99  OZ.  4.25          5.33 


No. 

No. 


About  100,000  of  these  common 
brick  were  made  in  the  winter 
months,    and    experiments    were    ex- 

'Supt.    Constr.,    Norfolk    State    Hospital 
•Lansing  Co.,  Lansing,  Midi. 
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tended  with  colored  facings  and 
sand  from  various  quarries,  as  well 
as  waterproofing  materials  and 
white  cement.  The  result  of  these 
experiments  was  in  favor  of  our 
native  sand,  or  quarried  sand,  col- 
oring matter  being  discarded  as  be- 
ing an  added  expense  and  not  espe- 
cially beautifying.  Waterproofing 
by  a  special  compound  was  deemed 
unnecessary  in  this  class  of  work. 

The     accompanying     table     shows 
the    added   cost   of   materials    for    a 


Via.  1 — FiBE  Department  Building, 
XoHFoi.K  State  Hospital  —  Built  of 
CoNCRETi;  Brick 


%-in.  facing  of  various  sands, 
mixed  1 :2  with  Portland  cement  at 
$1.20  per  bbl.,  and  with  white  ce- 
ment at  $5.00  per  bbl. 

Common  brick  costing  $3.24  per 
M  for  cement  would,  after  deducting 
the  %"  occupied  by  facing  material 


Table  Showing  Relative  Cost  of  Facing  Materials  for  Concrete  Brick 


Based  on  ton  lots 1 

Cost  of  Total 

Source   of   material                    Cost       freight  cost 

IpO  lbs.       per  per 

af  works  100  lbs.  100  lbs. 

Thompson   Architectural   Co $  .25        $  .19  $  .44 

Ballou    White    Sand    Co 171/2         .42i^  .60 

Monarch    Mining   Co 30            .18  .48 

U.    S.    Silica    Co 16%        .42  Vz  .59 

Ottawa    Silica   Co 16%        .42'^  .59 

F.   R.   Upton   Co 021/2         .20  .221/2 

Enos   Adams   Co 30            .18  .48 

Crown    Point   Spar   Co 37l^         .15  .52i^ 

Cheshire  White  Quartz  Sand  Co...     .2214        .18  AOVz 


White  cement 

Gray  cement 

—$5.00  per  bbl.— 

—$1.20 

per  bbl. — 

Cost 

Cost 

Cost 

Cost 

of  %" 

of  3/8  " 

of  %" 

of  %" 

facing 

facing 

facing 

facing 

per 

per  1,000 

per 

per  1,000 

100  sq.  ft.  brick 

100  sq. 

ft.  brick 

$2.23 

$2.98 

$1.23 

$1.64 

2.56 

3.41 

1.56 

2.08 

2.30 

3.07 

1.31 

1.75 

2.54 

3.39 

1.54 

2.05 

2.54 

3.39 

1.54 

2.05 

1.78 

2.38 

.78 

1.04 

2.30 

3.07 

1.31 

1.75 

2.40 

3.20 

1.41 

1.88 

2.14 

2.85 

1.16 

1.55 

Figs.  2  and  3 — Types  of  Walls  and  Buildings  Being  Erected  with  Concrete  Brick 
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cost  $2.91,  pins  cost  of  facing  mate- 
rial as  per  table,  equal  the  total  cost 
of  face  brick  per  M  for  cement  and 
imported  sand,  no  cost  account  be- 
ing kept  of  sand  from  our  own  pit 
or  for  lafbor  and  overhead  charges. 
By  the  use  of  these  various  sands 
and  by  the  use  of  a  fine  florist's  spray 
nozzle  while  the  product  was  still 
green,  a  variety  of  harmonious  col- 
ors was  obtained  without  the  use  of 
any  coloring  material. 

In  the  writer's  opinion  a  liberal 
use  of  the  spray  nozzle  is  advisable 
on  products  made  by  the  dry  proc- 
ess, even  on  common  brick,  especial- 
ly where  curing  by  water  is  prac- 
ticed as  it  adds  a  considerable  amount 
of  moisture  to  a  dry  product  at  ex- 
actly the  time  it  is  most  needed  to 
aid  in  the  crystallization  of  the  ce- 
ment, and  should  be  applied  imme- 
diately after  the  brick  leave  the 
press  and  be  continued  as  long  as 
the  brick  will  stand  in  their  uniform 
shape.  A  little  experience  will  en- 
a/ble  the  operator  to  determine  what 
this  time  should  be. 

After  the  fine  spray  is  applied  the 
pallets,  containing  10  brick  each, 
are  racked  on  two  supports  2"  x  6" 
and  4'  long  and  after  the  initial  set 
has  taken  place  water  is  again  ap- 
plied with  a  common  garden  spray 
nozzle  as  often  as  the  brick  begin 
to  show  signs  of  becoming  dry.  This 
is  continued  for  1  wk.,  at  this  time 
they  are  ready  to  be  stored  out  of 
doors  even  in  severe  winter  weather. 
Brick,  however,  are  not  shipped  or 
used  until  at  least  30  das.  have 
elapsed  from  the  time  of  leaving  the 
press. 

This  work  was  accomplished  with 
men  who  not  only  were  unskilled,  but 
also  indifferent;  as  the  work  prog- 
ressed, however,  interest  began  tak- 
ing the  place  of  indifference  and  fin- 


ally actual  pride  began  asserting 
itself  in  the  majority  of  cases,  al- 
lowing a  relaxation  of  supervision. 

The  average  daily  capacity  on  this 
hand  machine  ranged  from  1,200  to 
],.'500  and  as  our  actual  working  time 
was  but  about  6  hrs.  it  will  readily 
be  seen  that  the  machine  was  being 
run  nearly  to  capacity. 

In  this  experimental  stage  our 
Bd.  of  Trustees  and  our  superinten- 
dent evinced  a  genuine,  live  interest 
in  the  undertaking,  making  frequent 
visits  to  the  plant  and  following  the 
reports  closely,  and  it  was  largely 
due  to  their  enthusiasm  and  co-oper- 
ation that  this  industry  with  other 
products  is  on  the  successful  basis 
it  is  today. 

About  this  time  the  question  arose: 
What  shall  we  do  with  these  brick, 
now  that  they  are  made?  Can  we 
put  up  buildings  without  mechanics  } 
Accordingly  the  writer  designed  a 
small  building  to  be  used  by  a  fire 
department  and  with  a  laboratory 
upstairs,  and  this  was  erected  in  the 
early  summer,  the  workmen  being  in 
part  the  same  ones  who  had  made  the 
brick. 

In  this  structure  the  brick  select- 
ed for  the  main  body  were  faced 
with  granite  sand'  and  Edison*  ce- 
ment, and  sprayed. 

The  brick  at  the  corner  piers  are 
flush  with  the  building  line  and  the 
flush  arch  block  at  round  windows 
were  faced  with  a  special^  sand.  The 
projecting  brick  at  corner  piers  were 
faced  with  the  granite  sand  and 
white  cement,'  sprayed.  The  stairs 
and  balusters  were  made  from  native 
sand  and  Edison  cement.     The  rails 


^Thompson   Architectural  Co. 
^Edison   Portland  Cement  Co.,   N.  Y.  C. 
'■•Monarch  Mining  Co.,  Jersey  City,  N.  J. 
"Sandusky  Portland  Cement  Co.,  Sandusky, 
Ohio 
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were  made  from  white  silica  sand* 
and  white  cement,  as  were  also  the 
belt  courses,  date  and  name  tablets. 
The  floors  were  of  concrete,  the  uf)- 
per  one  being  reinforced  with  No. 
21-  Hy-rib,'  interior  plaster  on  the 
upper  floor,  being  applied  directly 
to  the  brick  work  and  tinted  a  pale 
green,  while  the  roof  was  shingled 
with  gray  asbestos-cement  shingles* 
with  a  light  red  ridge  and  hip  roll. 
It  may  be  of  interest  to  know  that 
this  building  has  not  required  one 
cent  of  expenditure  to  date,  and  no 
leakage,  moisture  or  even  dampness 
has  asserted  itself  either  through  the 
walls  or  roof. 

Before  this  building  was  com- 
pleted it  was  decided  by  the  Board 
of  Trustees  that  this  work  had 
passed  the  experimental  stage  and 
the  Board  authorized  the  remodeling 
for  a  temporary  products  plant  of 
the  lower  floor  of  a  building  which 
was  being  used  as  a  broom  factory. 
The  plant  was  hardly  more  than 
in  full  running  condition  when  it 
was  decided  to  move  the  entire  in- 
stitution to  a  new  location  three  miles 
distant  which  assured  an  outlet  for 
all  of  our  product  as  the  plant  is 
operated  only  a  few  months  in  the 
winter,  an  abundance  of  outside  work 
being  at  hand  in  good  weather,  lay- 
ing sewers,  water  works,  grading, 
farming,  etc. 

I  have  been  repeatedly  asked  the 
reason  for  a  preference  for  the  use 
of  brick  over  block  or  monolithic 
work.  Possibly  to  the  general  trade 
there  would  be  no  preference,  but 
as  an  institution  we  are  able  to  make 
brick  in  cold  weather  when  help  is 
available  and  in  our  larger  buildings 
which  we  would  be  unable  to  handle 
ourselves.  We  can  furnish  brick  to 
contractors  at  cost,  thereby  reduc- 
ing the  cost  of  building  in  the  case 
of  monolithic  work  by  cutting  out 
forms,  etc.  In  the  case  of  block,  we 
believe  that  brick  lend  themselves 
more  readily  to  architectural  design, 
not  so  many  expensive  machinery  at- 
tachments  are  required,  and  by 
vh&ilding  walls  with  a  2-in.  air  space 
k  continuous  air  space  is  assured, 
which  is  not  true  in  the  case  of  most 
hlock  or  monolithic  structures ;  the 
necessity  of  constant  inspection  of 
monolithic  work  is  also  obviated. 


Figs.  4  and  5 — Faced  Brick  ix  Wall  akd  Trap    Rock    Plaix   Concrete    Brick   in 
Loose  Pile 
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Concrete,  after  the  addition  of 
water  to  the  mix,  should  be  handled 
rapidly  and  in  as  small  masses  as  is 
practical.  The  amount  of  concrete 
that  should  be  placed  at  once  depends 
upon  the  construction  and  kind  of 
concrete. 


"Ballou  White  Sand  Co.,  Millington,  111. 

^Trussed    Concrete    Steel  Co.,    Youngstown, 
Ohio 

"Keasby  &  Mattison  Co.,  Ambler,  Pa. 
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Concrete  Mantel  ]Ma(le  With 
Pre-Cast  Units 

A  unique  shell-faced  concrete  man- 
tel, shown  in  Fig.  1,  Avas  recently 
constructed  in  a  club  house  at  Geor- 
giana,  Fla.  The  face  of  the  mantel 
is  12"  from  the  wall,  the  opening  2' 
11"  X  4'  6",  the  height  of  the  shelf 
4'  8"  and  the  mantel  9'  long.  The 
mantel  was  made  in  reinforced  con- 
crete slab  units  3%"  thick,  consist- 
ing of  2  ends,  2  jambs  and  1  arch 
slab.  The  curved  top  row  of  brick 
projecting  beyond  the  face  of  the 
mantel  was  made  in  short  lengths  and 
the  shelf  cast  in  place.  The  shelf, 
hearth  and  border  around  the  open- 
ing were  colored  red.  The  construc- 
tion features  may  be  more  fully  de- 
scribed as  follows: 

A  level  platform,  made  of  flooring 
with  2  X  4's  for  side  forms,  was 
used.  Small  wooden  strips  14"  ^ 
%",  slightly  beveled,  were  fastened 
in  place  on  the  platform  by  nails 
driven  at  the  sides  for  the  purpose  of 
giving  the  appearance  of  brick  con- 
struction to  the  mantel.  The  face  of 
the  platform  was  covered  to  a  depth 
of  1/4"  with  small,  washed  beach 
shell.  A  wet  mortar,  consisting  of  1 
part  Portland  cement  to  2  parts  sand 
with  some  shell  in  it,  was  then  de- 
posited in  the  forms  to  the  depth  of 
about  %"  and  well  pressed  down  in 
order  to  embed  the  face  shell.  The 
mixture  for  the  rest  of  the  slab  con- 
sisted of  1  part  Portland  cement  to 
3  parts  sand  with  a  small  amount  of 
shell  in  it.  While  the  mortar  facing 
was  being  applied  a  piece  of  tin  was 
put  in  close  to  the  form  and  shell  put 
in  behind.  After  the  mortar  had  be- 
come filled  up,  the  tin  was  removed 
and  mortar  pressed  well  back.  The 
outer  corners  were  dove-tailed  to  fit 
the  end  slabs.  The  shelf  was  made 
of  1  part  Portland  cement,  1  part 
sand  and  2  parts  shell.  Red  coloring 
matter    was    used    as    facing.      After 


the  shelf  had  cured  for  about  two 
weeks  it  was  rubbed  down  with  a  car- 
borundum brick,  giving  a  smooth  sur- 
face and  exposing  the  shell.  The 
joints  were  pointed  with  red  mortar 
to  correspond  with  the  shelf  and 
hearth.  Six  sacks  of  cement  were 
used  in  this  mantel,  and  while  the 
cost  was  not  kept  separate,  the  man- 
tel set  up  cost  approximately  $35. 


When  the  chimney  is  placed  in  an- 
other room  or  outside  of  the  house  on 
a  porch,  the  slab  B  forms  a  much  bet- 
ter construction  than  the  old  way  of 
raking  back  the  brick.  In  a  kitchen 
it  makes  a  useful  shelf,  and  on  the 
porch  a  place  for  flower-pots. 
Enough  brick  are  saved  to  more  than 
pay  for  the  construction  of  this  slab. 

Slab  7'^  is  made  about  1  ft.  larger 


Figs.  2 — Details  of  a  Pi.aix  Shell-Faced  Concrete  Mantel 


The  same  style  of  shell-faced  man- 
tel, made  as  above  with  the  exception 
of  the  brick  eff"ect,  is  shown  in  Fig. 
2.  The  slab  units  of  the  sizes  stated 
above  could  be  put  up  for  about  $15 
under  average  conditions. 

Fig.  2  shows  the  layout  of  the  plat- 
form used  in  molding  the  several 
slab  units.  The  back  slab  B  is  cast 
with  an  opening  corresponding  to  the 
size  of  the  flue  and  a  groove  made  on 
the  under  side  near  the  edge  to  form 
a  drip  to  prevent  water  entering  the 
fire  place.  This  may  be  done  by  put- 
ting a  small  strip  in  position  on  the 
platform  or  cutting  the  slab  with  a 
chisel  before  placing.  The  fire-back 
must  be  placed  forward  enough  so 
that  any  water  coming  down  will 
strike  on  the  back  side  as  shown  in 
Fig.  2. 


than  the  opening  and  fits  in  a  depres- 
sion made  in  the  back  of  slab  C.  It 
is  also  backed  up  by  brick  built  up 
from  the  sides  of  the  fireplace  lining. 

The  joints  of  this  mantel  may  be 
pointed  up  with  colored  mortar  or 
with  ordinary  cement  mortar,  and 
shell  thrown  on  and  pressed  in  to 
correspond  v/ith  the  face. 

A.  W.  Devol,  Cocoa,  Fla.,  was  the 
contractor.  He  has  built  several  of 
these  mantels  at  a  very  economical 
cost. 
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FiG.   3 — INIoLDs     Used    in    Coxstiiucting 
Concrete  Mantel  Shown  in  Fig.  2 


Fio.  1 — A  Shell-Faced  Concrete  Manh-l  with   Biuck  P'.ifect,  at  Georgiana,  Fla. 
\1S8\ 


Piles  or  heaps  of  broken  stone 
li.iving  admixture  of  dirt  or  consider- 
able fine  dust  should  be  rejected  and 
not  allowed  to  enter  any  concrete 
work  whatever. 
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Advantages  in  Use  of  Commercially  Hydrated 
Lime  Over  Ordinary  Slacked  Lime 


By  E.  W.  Lazell,  Ph.  D/ 


Slaking  Lime. — Every  one  is  fa- 
miliar with  the  fact  that  when  quick- 
lime is  treated  with  water  a  violent 
action  takes  place,  the  lumps  of  lime 
break  up,  heat  is  generated,  steam  is 
given  off  and  after  the  action  is  com- 
pleted, a  paste  or  putty  remains — 
the  ordinary  lime  putty  used  for  mor- 
tar. The  fact  that  quicklime  has 
changed  its  form  from  dry  lumps  to 
a  wet  paste  and  that  heat  has  been 
generated  prove  that  a  chemical  reac- 
tion has  taken  place;  or  that  quick- 
lime has  combined  chemically  with 
water.  It  is  a  scientific  fact  what  any 
chemical  change  or  reaction  occurs 
exact  amounts  of  the  material  are  in- 
volved. In  the  chemical  change  which 
takes  place  when  lime  is  quenched 
with  water  definite  amounts  of  lime 
and  water  are  involved;  in  slaking 
lime  an  exact  amount  of  lime  unites 
with  an  exact  quantity  of  water, 
forming  an  exact  amount  of  hydrat- 
ed lime.  If  after  the  slaking  only 
sufficient  water  is  present  to  satis- 
dry  powder  will  remain.  This  pow- 
fy  the  calcium  oxide  (lime)  then  a 
der  is  hydrated  lime  and  it  differs 
from  the  original  quicklime  and 
from  pulverized  lime  in  its  behavior 
towards  water.  When  water  is 
added  to  hydrated  lime  no  heat  is 
generated  nor  does  the  material 
slake,  thus  indicating  that  water  has 
no  further  chemical  action  on  the 
hydrate. 

What  is  Hydrated  Lime? — Hy- 
drated lime  of  commerce  is  the  dry 
powder  resulting  from  the  treatment 
of  lime  with  sufficient  water  to  satisfy 
the  chemical  requirements  of  all  the 
calcium  oxide. 

Necessity  for  Exact  Proportions  of 
Lime  and  Water. — In  the  foregoing, 
emphasis  has  been  laid  upon  the  fact 
that  precise  amounts  of  lime  and  wa- 
ter react  chemically.  In  other  words, 
1  lb.  of  lime  requires  a  certain  defi- 
nite amount  of  water  to  form  a  per- 
fect hydrate.  If  too  little  water  is 
used  in  quenching  the  lime  in  the  pro- 
cess of  manufacture  the  lime  will  be 
burned  in  slaking  and  free  lime,  or 
lime  which  is  not  combined  with  wa- 
ter, will  be  present  in  the  hydrate, 
rendering  the  material  unsound. 
Plaster  made  from  such  hydrated 
lime  will  later  pop  and  pit,  due  to  the 
gradual  slaking  of  the  free  lime  by 

iChem.   Engr.,   Portland,   Ore. 
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the  moisture  present  in  tlie  atmos- 
phere. Further,  mortar  made  from 
such  unsound  hydrate  generally 
works  tough  and  non-plastic.  The 
free,  uncombined  lime  when  present 
to  any  considerable  extent  will  dry 
out  the  mortar,  rapidly  decreasing  its 
strength  and  causing  it  to  crumble. 
Free  lime  in  hydrated  lime  is  a  dan- 
gerous ingredient  and  one  which  will 
always  give  trouble. 

If  too  much  water  is  used  in  the 
preparation  of  hydrate  the  material 
will  be  damp  and  wet,  rendering  it 
difficult  to  handle. 

Obsolete  Methods  of  Manufacture. 
— In  the  past,  three  methods  were 
used  to  produce  hydrated  lime: 

(1)  Small  pieces  of  lime  were 
were  placed  in  a  basket  and  im- 
mersed in  water  for  a  few  minutes, 
until  slaking  began,  when  they  were 
withdrawn  and  placed  in  a  heap  in 
order  to  conserve  the  heat  and  pre- 
vent the  escape  of  the  vapor ;  the  ma- 
atrial  swelled,  cracked  and  became 
reduced  to  a  dry  powder. 

(2)  Lumps  of  lime  were  placed 
in  a  heap  and  wet  at  intervals  until 
the  mass  was  equally  moistened 
throughout.  The  slaking  proceeded 
as  in  the  first  instance. 

(3)  Small  pieces  of  lime  were 
exposed  to  the  air  for  a  number  of 
months  and  the  lime  absorbed  both 
water  and  carbon  dioxide  from  the  at- 
mosphere, falling  to  a  dry  powder. 
The  powder  consisted  of  dry  sub-car- 
bonate of  lime  containing  about  10% 
to  11%  of  water. 

These  three  methods  of  dry-slak- 
ing lime  were  crude  and  unless  the 
greatest  care  was  exercised,  the  re- 
sulting product  contained  particles  of 
unslaked  lime.  The  hydrate  pro- 
duced by  these  methods  Avas  gener- 
ally short  and  possessed  poor  sand- 
carrying  capacity;  in  fact,  hydrated 
lime  made  by  any  of  the  above  meth- 
ods was  suitable  for  use  in  agriculture 
only  and  such  hydrate  should  not  be 
confounded  with  hydrated  lime  manu- 
factured by  modern  methods. 

Modern  Methods  of  Manufacture. 
— The  modern  method  of  manufac- 
turing hydrate  depends  upon  the  ad- 
dition of  a  definite  amount  of  water 
to  a  predetermined  amount  of  lime. 
By  no  other  method  is  it  possible  to 
produce  a  hydrate  which  will  contain 
sufficient  combined  water  to  satisfy 
the    demands    of   the    calcium    oxide 


(lime)  present.  It  is  of  the  ut- 
most importance  tliat  all  the  calcium 
oxide  be  in  combination  with  water, 
otherwise  the  hydrate  will  be  un- 
sound and  unsuitable  for  building 
uses.  That  all  the  lime  be  satisfied 
with  water  will  be  insisted  upon  in 
any  specifications  which  may  be 
drawn  for  hydrated  lime  to  be  used  in 
the  building  trade,  and  it  is  vital  for 
each  manufacturer  to  recognize  that 
the  formation  of  hydrated  lime  in- 
volves a  chemical  change  requiring 
the  presence  of  exact  amounts  of  lime 
and  water.  Since  the  process  is 
chemical,  it  requires  the  same  careful 
supervision  as  any  other  chemical 
process,  such  as  the  manufacture  of 
Portland  cement.  The  production 
and  use  of  hydrated  lime  have  been 
more  retarded  by  the  manufacture  of 
only  partly  hydrated  lime  than  from 
all  other  causes.  Any  method  of 
manufacturing  hydrated  lime  con- 
tinually to  produce  a  perfect  product 
must  be  based  upon  weighing  the 
lime  used  and  measuring  the  amount 
of  water  added. 

ADVANTAGES    OF    HYDRATED    LIME 

(1)  From  the  Standpoint  of  the 
Manufacturer. — One  of  the  great 
difFculties  in  connection  with  the 
manufacture  of  lime  is  the  per- 
ishable quality  of  the  product.  Lump 
lime  cannot  be  stored  for  any 
length  of  time  without  deterioration, 
thus  making  the  operation  of  the 
plant  dependent  upon  the  season  and 
the  whims  of  the  weather.  Kilns 
must  be  fired  up,  damped  down  or 
put  out,  according  to  the  season  of 
the  year "  and  the  condition  of  the 
weather.  This  unevenness  of  opera- 
tion results  in  a  high  unit  cost.  Since 
hydrated  lime  can  be  stored  in  bins 
in  a  manner  similar  to  cement,  it  is 
possible  to  make  the  operation  of  the 
plant  more  nearly  continuous,  there- 
by introducing  economies  in  the 
manufacture  and  reducing  the  cost. 
The  manufacture  of  hydrate  also 
means  a  more  extended  market,  as 
hydrated  lime  can  be  used  for  a  num- 
ber of  purposes  for  which  quicklime 
is  not  suitable. 

(2)  Advantages  to  the  Dealer. — 
Three  principal  advantages  to  the 
dealer  are  the  ease  in  handling,  less 
deterioration  of  the  product  and  the 
freedom  from  fire  risk.  These  three 
facts  alone  should  convince  the  dealer 
that  it  is  more  economical  to  handle 
hydrated  lime. 

(3)  Uses  of  Hydrated  Lime. — In 
general  it  may  be  stated  that  hy- 
drated lime  is  suitable  for  any  use  in 
the  building  trade  to  which  lump 
lime  can  be  put,  and  it  would  appear 
that  as  soon  as  the  material  comes 
into  general  use,  its  advantages  will 
be  found  to  far  outweigh  any  disad- 
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vantages.  The  use  of  hydrated  lime 
does  away  with  the  necessity  of  slak- 
ing lime  to  a  paste,  thus  saving  the 
space  required  for  the  slaking  bed  as 
well  as  the  labor  of  slaking.  By  the 
use  of  hydrate  it  is  possible  to  pro- 
portion tlie  mortar  so  as  to  have  exact 
quantities  present,  since  this  form  of 
lime  comes  into  the  market  in  con- 
venient packages  of  known  weight. 
This  point  is  always  appreciated  by 
the  architect  and  engineer,  as  it  is  a 
well  known  fact  when  lump  lime  is 
used,  as  much  sand  as  possible  is 
added  with  the  result  that  the  mortar 
is  lean  and  possesses  little  strength. 
If  hydrated  lime  is  correctly  manu- 
factured and  the  particles  of  core 
removed  by  some  process  of  separa- 
tion, the  resulting  product  will  pos- 
sess a  higher  grade  of  purity  than  the 
original  lime  from  which  it  is  made. 
The  product  will  also  be  more  uni- 
form and  these  two  facts  appeal 
strongly  to  all  users  of  lime. 

Mortar  made  from  Hydrate  is 
Stronger  than  that  made  from  Slaked 
Lime. — In  June,  1910,  the  writer  pre- 
sented the  results  obtained  from  an 
extended  series  of  tests  on  mortars 
made  from  both  hydrated  lime  and 
lump  lime  to  the  Am.  Soc.  for  Test. 
Mat.  One  of  the  most  important 
conclusions  drawn  from  these  inves- 
tigations was  that  the  mortar  pro- 
duced from  hydrated  lime  was 
stronger  than  that  produced  from  the 
corresponding  lump  lime  slaked  to  a 
paste.  This  conclusion  was  to  be  ex- 
pected, since  it  is  possible  to  manu- 
facture hydrated  lime  by  mechanical 
means  under  good  chemical  control, 
which  is  more  thoroughly  slaked  than 
it  is  possible  to  slake  lump  lime  on 
the  job.  With  lump  lime,  the  user  is 
always  dependent  upon  the  thorough- 
ness of  slaking,  and  it  is  well  known 
that  unless  lime  paste  is  run  off  and 
stored  for  some  considerable  time, 
there  is  no  assurance  of  complete  and 
thorough  slaking. 

Practically  all  those  who  have  in- 
vestigated the  strength  of  lime  mor- 
tars have  recommended  the  use  of 
hydrated  lime  in  place  of  lump  lime. 
In  Bulletin  No.  30  of  the  Bur.  of 
Standards,  the  following  statement  is 
made:  "The  proportion  of  impurities 
in  hydrated  lime  is  generally  less 
than  in  the  lime  from  which  it  is 
made.  In  building  operations  hy- 
drated lime  may  be  used  for  any  pur- 
pose in  place  of  lump  lime,  with  pre- 
cisely similar  results.  The  consumer 
must  pay  the  freight  on  a  large 
amount  of  water,  but  the  time  and 
labor  required  for  the  slaking  are 
eliminated  and  there  is  no  danger  of 
spoiling  it  either  by  burning  or  in- 
complete slaking  *  *  *  *  For  all 
building  purposes  hydrated  lime  is  to 
be  preferred  to  lump  lime.     By  its 
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use  the  time  and  labor  involved  in 
slaking  may  be  saved  and  the  experi- 
ence of  the  laborer  is  eliminated  as  a 
factor  in  the  problem." 

If  the  use  of  In'drated  lime  in  the 
building  trade  is  to  be  increased,  this 
can  be  brought  about  only  by  the 
manufacturers  of  liydrate  preparing 
and  marketing  only  such  material  as 
is  sound  and  contains  no  free  lime. 
There  is  an  increasing  demand  for 
hydrate  for  use  in  concrete  to  render 
the  material  more  plastic  and  dense. 
Hydrated  lime  can  be  advantageously 
used  in  all  cement  plaster  and  stucco 
to  make  them  work  smoothly  and  give 
a  more  pleasing  color.  In  all  these 
uses  the  soundness  of  the  hydrate  is 
the  paramount  requirement.  No  one 
would  think  of  using  unsound  cement 
• — why  then,  should  they  expect  to 
use  unsound  hydrate? 

The  market  for  hydrated  lime  is 
present  and  a  concerted  action  on  the 
part  of  the  lime  manufacturers  to 
exercise  the  care  necessary  to  make 
a  thoroughly  hydrated  lime  will  re- 
sult in  a  more  extended  use  of  the 
material.  It  is  to  be  hoped  that  the 
manufacturers  will  direct  their  ener- 
gies along  this  line. 


B.   F.   Affleck   Succeeds  Ed- 
ward jNI.  Hagar  as  Ce- 
ment Co.  Head 

Edward  M.  Hagar  has  resigned 
as  president  of  the  Universal  Port- 
land Cement  Co.,  and  B.  F.  Affleck 
has  been  chosen  to  succeed  him.  An- 
nouncements of  Mr.  Hagars'  resig- 
nation and  Mr.  Affleck's  election 
were  made  Feb.  4  and  5. 

Mr.  Hagar  was  head  of  the  Uni- 
versal Company  for  15  yrs.  and 
manufactured  the  first  barrel  of  ce- 
ment in  May,  1900.  The  company's 
business  has  grown  from  32,000  bbls. 
produced  in  1900,  to  its  present  ca- 
pacity of  approximately  12,000,000 
bbls.  per  yr.  Mr.  Hagar  was  for 
two  yrs.  president  of  the  Assn.  of 
Am.  Portland  Cement  Mfrs.  and  is 
an  important  factor  in  the  promo- 
tion and  development  of  the  use  of 
cement  in  building  construction  of  all 
kinds.  He  also  founded  the  Cement 
Products  Exhibition  Co.,  in  1907- 
This  company  conducts  the  annual 
Cement  Shows.  The  Mass.  Inst,  of 
Tech.  and  Cornell  Univ.  both  claim 
Mr.  Hagar  as  an  alumnus.  He  was 
graduated  from  the  former  in  1893 
and  received  a  post-graduate  degree 
from  Cornell  in  189t-  Before  be- 
coming connected  with  the  cement 
industry,  he  organized  and  conduct- 
ed the  business  of  Edward  M.  Hagar 
&  Co.,  in  Chicago,  acting  as  sales 
representatives  for  machinery  manu- 


facturers. Mr.  Hagar  retires  to  as- 
sume the  presidency  of  a  new  com- 
])any  which  he  is  forming  to  acquire 
a  chain  of  Portland  cement  plants 
covering  a  large  part  of  the  U.  S. 
The  headquarters  of  the  new  com- 
pany will  be  in  .Chicago. 

Mr.  Affleck  entered  the  service  of 
the  Illinois  Steel  Co.  in  1896  and 
from  1901  to  1903  represented  the 
cement  department  of  the  company 
in  the  St.  Louis  territory.  When  the 
Universal  Portland  Cement  Co.  was 
incorporated  in  1906  to  take  over 
the  cement  business  of  the  Illinois 
Steel  Co.  he  became  general  sales 
agent,  playing  an  important  part  in 
the  growth  of  the  business.  He  is 
vice-president  of  the  Cement  Prod- 
ucts Exhibition  Co.,  under  whose 
management  the  annual  Cement 
Shows  have  been  held  in  Chicago. 
He  is  recognized  as  a  pioneer  in  pro- 
moting the  use  of  concrete  as  a  pav- 
ing material. 


Officers  of  the  American 
RxDadbuilders'  Assn. 

George  W.  Tillson,  cons.  engr. 
for  the  president  of  the  Borough  of 
Brooklyn,  N.  Y.  C,  has  been  elect- 
ed president  of  The  Am.  Road 
Builders'  Assn.  Other  executive 
officers  for  1915  were  elected  as  fol- 
lows: 1st  vice-pres.,  A.  W.  Dean, 
chf.  engr.  of  the  Mass.  Highway 
Comm. ;  2nd  vice-pres.,  Austin  B. 
Fletcher,  state  highway  engr.  of 
Cal. ;  third  vice-pres.,  S.  Percy 
Hooker,  state  supt.  of  highways  of 
N.  H. ;  secy.,  W.  L.  Powers,  editor 
Good  Roads;  treasurer,  Maj.  W.  W. 
Crosby,  consult,  engr.,  Baltimore. 
In  addition,  the  following  were 
elected  directors  for  three  yrs.:  E.  A. 
Fisher,  city  engr.,  Rochester,  N.  Y. ; 
A.  R.  Hirst,  state  highway  engr., 
Wis. ;  Joseph  W.  Hunter,  first  dep. 
commr.,  Pa. ;  state  highway  dept. ; 
Frank  F.  Rogers,  state  highway 
commr.,  Mich. ;  William  R.  Smith, 
gen.  mgr.  of  the  Lane  Constr.  Corp., 
Meriden,  Conn.,  and  H.  M.  Waite, 
city  mgr.,  Dayton,  Ohio. 


A  Correction 

Lee  A.  Hoynck,  author  of  an 
article  on  "Methods  and  Costs  in 
Constructing  Factory  Building  at 
Houston,  Tex.,"  published  in  our 
Feb.  issue,  calls  our  attention  to  an 
error  on  page  60,  which  consisted  in 
crediting  the  Texas  Portland  Cement 
Co.,  Dallas,  Tex.,  with  having  sup- 
plied the  cement,  wlicreas  Trinity 
cement  was  furnislicd  by  the  South- 
western States  Portland  Cement  Co., 
Dallas,  Tex. 
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Annual  Convention  American  Concrete  Pipe 
Association,  Chicago,  Feb.   15-16 


The  American  Concrete  Pipe 
Assn.  held  its  convention  in  Chicago, 
Auditorium  Hotel,  Feb.  15  and  16, 
1915,  and  several  excellent  papers 
were  presented  before  it.  Of  most 
consequence,  however,  to  the  future 
of  the  organization  and  the  increas- 
ingly important  industry  which  it 
represents  is  the  step  which  has 
been  taken  by  its  Resolutions  Com- 
mittee looking  to  a  reorganization  of 
the  Association  on  a  more  aggressive 
basis.  This  action  is  outlined  in 
resolutions  adopted  as  follows: 

Whereas,  we  believe  that  the  interests 
of  the  Am.  Concrete  Pipe  Assn.  demand 
that  a  larger  amount  of  work  shall  be 
done  to  promote  the  use  of  cement  pipe 
and  tile,  and  promote  the  interests  of  the 
manufacturers  of  these  products;  and 

Whereas,  we  believe  this  can  be  done 
only  by  getting  a  large  number  of  the 
members  actively  at  work  for  the  inter- 
ests of  the  organization  and  the  industry 
as  a  whole;  therefore  be  it 

Resolved,  That  the  American  Concrete 
Pipe  Assn.  at  this  present  convention  elect 
a  committee  of  five  to  be  known  as  a  Re- 
organization Committee,  the  duties  of 
this  committee  to  be  to  submit  a  form  of 
reorganization  to  cover  the  broader  ac- 
tivities which  should  be  taken  up. 

Resolved,  That  in  particular,  this  com- 
mittee shall  revise  the  Constitution  and 
By-Laws  of  the  Association,  so  that  they 
shall  provide  for  a  number  of  standing 
committees  which  shall  be  at  work 
throughout  the  year,  the  Reorganization 
Committee  after  due  consideration  to 
suggest  such  committees  as  in  its  opin- 
ion should  be  provided  for. 

Resolved,  That  this  Reorganization 
Committee  submit  a  repoi't  to  the  mem- 
bers not  less  than  90  days  before  the 
next  annual  meeting,  outlining  the  plan 
which  the  committee  has  adopted  and 
presenting  for  consideration  the  revised 
Constitution  and  By-Laws. 

Resolved,  That  the  president  appoint  a 
membership  committee  of  five  members 
to  serve  during  the  present  year,  for  the 
purpose  of  devising  and  executing  plans 
for  presenting  the  value  and  benefit  de- 
rived from  active  connection  with  the 
American  Concrete  Pipe  Assn.  to  pipe 
and  tile  manufacturers  throughout  the 
U.  S.,  this  committee  being  empowered  to 
use  any  means  thought  advisable  for  this 
purpose. 

Resolved,  That  the  thanks  of  the  Asso- 
ciation be  extended  to  the  speakers  who 
have  presented  such  valuable  papers  at 
this  convention,  and  to  all  those  who 
have  so  efficiently  assisted  to  make  this 
meeting  a  success.  E.  S.  Hanson,  chair- 
man, G.  F.  Lillie,  J.  H.  Libberton. 

President  B.  Blair,  Woodstock, 
Ont.,  was  called  home  by  illness  in 
his  family,  after  reaching  Chicago 
so  Vice-president  Hammond  presid- 
ed. 
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J.  J.  Commons^  presented  a  paper 
on  "Advertising  and  Sales  Promo- 
tion for  Pipe  and  Tile  Manufactur- 
ers," basing  his  remarks  on  replies 
from  300  letters  he  had  sent  to 
manufacturers  in  the  Middle  West. 
This  paper  will  be  published  in  a 
later  issue  of  this  magazine. 

"Reinforced  Concrete  Tile,"  a  pa- 
per by  W.  J.  Schleck,^  which  will  be 
presented  in  a  later  issue  of  this 
magazine,  reported  tests  made  re- 
cently at  the  plant  of  P.  H.  Atwood, 
Armstrong,  la. 

J.  H.  Schmeltzer^  told  why  in  30 
years  of  drainage  work  he  has  come 
to  prefer  concrete  pipe. 

Lewis  R.  Ferguson^  presented  a 
paper  on  concrete  sewer  pipe,  cover- 
ing investigations  of  concretee  sewers 
which  he  has  made  in  all  parts  of 
the  country. 

John  L.  Zeidler'  discussed  freight 
rates  and  shipping  conditions  affect- 
ing the  concrete  pipe  industry. 

P.  W.  King^  presented  a  paper  de- 
scribing the  possibilities  in  the  use 
of  bulk  cement  by  pipe  and  tile  man- 
ufacturers. 

Charles  P.  Stivers'  presented  an 
illustrated  paper  on  "Concrete  Pipe 
for  Railroad  Culverts." 

An  important  action  of  the  Con- 
vention was  in  the  adoption  of  the 
Standard  specifications  for  Drain 
Tile  of  the  Am.  Soc.  for  Test.  Mat. 

The  annual  dinner  of  the  Associa- 
tion, the  evening  of  Feb.  15,  was  an 
enjoyable  get-together  occasion. 


The  remarkable  success  attending 
the  flotation  of  the  $49,000,000 
41/2%  loan  of  the  Pennsylvania  Rail- 
road, which,  according  to  best  re- 
ports, was  more  than  five  times  over- 
subscribed, points  the  line  of  munic- 
ipal improvements  which  should  be 
prosecuted  at  this  time. 

At  the  end  of  a  cycle  of  good  times 
there  comes  a  period  when  the  sav- 
ings of  the  people  and  the  prostra- 
tion of  ordinary  business  and  indus- 
try bring  about  a  period  of  cheap 
money  and  of  unemployment  for  the 
laboring  man.     Jt  is  at  this  time  in 
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tlie  cycle  of  years  that  those  who  have 
charge  of  the  city,  county  and  muni- 
cipal improvements  should  bestir 
themselves  to  take  advantage  of  the 
low  money  conditions  and  find  em- 
ployment for  the  idle  workmen  with- 
in their  borders.  All  through  our 
country  new  roads,  new  sewers,  new 
bridges  and  new  water  plants  are 
needed  and  improvements  on  the 
old  are  equally  necessary.  No  time 
like  the  present  has  existed  in  many 
years  for  public  work  to  be  economi- 
cally done,  both  with  relation  to  the 
lates  of  wages  and  the  rates  for 
money  and  it  is  hoped  that  the  occa- 
sion will  not  be  permitted  to  pass 
without  its  being  availed  of  for  the 
construction  of  these  many  impor- 
tant and  necessary  works. 


And  now  concrete  appears  as  a 
cure  for  rats — not  taken  internally, 
but  externally.  In  a  recent  pamphlet 
calling  attention  to  the  dangers  and 
destructive  characteristics  of  t)ie  rnt 
and  urging  citizens  to  take  measures 
to  get  rid  of  these  nuisances.  Dr. 
Richard  Harte,  dir.  of  the  Dept. 
of  Pub.  Health  of  Philadelphia,  says 
that  the  most  satisfactory  method  of 
getting  rid  of  these  disseminators  of 
disease  is  not  to  attempt  to  trap  or 
poison  them,  but  to  "build  them  out 
of  existence."     He  says: 

This  is  best  done  by  the  use  of  concrete 
or  cement  in  aU  construction  work.  Old 
cellars  may  be  made  rat-proof  at  com- 
paratively small  expense  by  the  judicious 
use  of  cement.  Rat  holes  may  be  per- 
manently closed  with  a  mixture  of  ce- 
ment, sand  and  broken  glass  or  sharp 
bits  of  crockery  or  stone.  The  principle 
is  to  allow  no  opening  or  crevice  of  any 
kind  within  which  rats  may  nest  or  find 
protection  from  their  natural  enemies. 

The  concreting  of  basements  and  the 
removal  of  plank  sidewalks  and  the  re- 
placement thereof  with  concrete  have  the 
additional  advantage  of  excluding  damp- 
ness from  the  house  and  contributing  to 
the  general  cleanliness  and  sanitary  con- 
ditions of  the  premises. 


The  most  recent  Italian  earth- 
quake, with  its  record  of  35,000  peo- 
ple killed  and  45,000  injured,  carries 
its  lesson  so  far  as  construction  is 
concerned.  Newspaper  specials  from 
Rome  agree  that  the  great  mortality 
is  attributable  to  the  method  of  dry 
construction  employed  in  the  affected 
region,  the  stones  being  piled  upon 
each  other  without  mortar.  The  only 
buildings  which  escape  total  destruc- 
tion were  the  modern  houses,  built  of 
reinforced  concrete. 

Messina,  the  destruction  of  which 
is  in  the  minds  of  all  of  us,  has  al- 
ready profited  by  her  experience  and 
most  of  the  new  houses  in  that  city 
are  of  concrete. 
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Field  Methods  in  Concrete  Construction — Design 
and  Construction  of  Forms  in  General 


By  Jerome  Cochran,  C.  E. 


This  is  the  third  of  a  series  of  art- 
icles on  field  methods  in  concrete  con- 
struction, the  first  of  which  pertained 
to  the  selection  of  concrete  materials, 
and  the  second  to  the  proportioning 
and  mixing  of  concrete,  published  in 
this  magazine  for  Jan.,  1915,  and 
Feb.,  1915,  respectively.  The  pres- 
ent article  will  consider  briefly  the 
design  of  forms,  which  should  be 
considered  as  a  structural  engineer- 
ing problem.  The  subject  willbe con- 
tinued in  the  next  article.  The  de- 
sign and  construction  of  concrete 
form  work  have  been  seldom,  if  ever, 
properly  presented,  the  majority  of 


writers  being  content  to  give  exam- 
ples without  comment  or  suggestion. 
Readers  of  Concrete-Cement  Age 
are  invited  to  discuss  points  they  con- 
sider to  be  inadequately  treated  in 
the  present  article  or  in  future  arti- 
cles, to  the  end  that  the  subject  may 
be  properly  presented.  Contribu- 
tions and  criticisms  will  be  welcomed 
and  for  clearness  they  should  be  ac- 
companied when  possible  by  draw- 
ings or  photographs.  When  patent- 
ed methods  are  mentioned,  always 
give  name  of  owner  and  date  of  pat- 
ent. 


SUPERVISION    of    form    CONSTRUCTION 

In  the  erection  of  reinforced  con- 
crete work  nothing  requires  more 
careful  consideration  than  the  con- 
struction of  the  form  work,  or  molds, 
necessary  to  shape  and  support  the 
concrete  until  it  has  thoroughly  hard- 
ened, as  the  safety  of  the  structure 
may  be  jeopardized  by  faulty  form 
construction.  Wooden  forms,  as  fre- 
quently erected  for  such  work,  upon 
careful  inspection  show  a  great  many 
weaknesses  and  inadequacies,  and  the 
factor  of  safety  which  exists  is  sur- 
prisingly low.  Not  long  ago  a  build- 
ing collapsed  with  the  centering  still 
in  place.  The  claim  was  made  that 
some  blasting  was  done  which  shook 
the  structure  so  much  that  it  col- 
lapsed. That  was  a  very  clear  indi- 
cation that  the  centering  was  erected 
in  an  extraordinarily  lax  manner. 
Too  often  the  design  of  forms  is  left 
entirely  to  the  contractor,  whereas  it 
should  be  recognized  as  part  of  the 
work  of  the  designer  of  the  structure. 
Architects  and  engineers  have  been 
prone  to  work  on  the  supposition  that 
if  the  specifications  require  a  certain 
standard  of  work  when  finished,  the 
contractor  will  use  his  best  efforts  to 
secure  this  result,  regardless  of  the 
fact  that  the  contractor  usually  takes 
greater  chances  during  the  construc- 
tion than  are  always  good  for  the 
work. 

Various  methods  of  form  construc- 
tion are  used  in  reinforced  concrete 
work,  and,  where  no  design  is  fur- 
nished tlie  contractor,  he  should  be 
allowed  to  use  such  type  of  forms 
as  he  may  desire,  if,  in  the  opinion 
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of  the  engineer,  the  proper  results 
will  be  obtained.  If,  however,  it  is 
apparent  that  the  forms  are  not 
properly  constructed  so  as  to  give 
the  desired  results,  the  contractor 
should  be  required  to  make  such 
changes  as  the  engineer  may  deem 
necessary  to  give  satisfactory  results. 
Plans  and  details  for  forms,  if  re- 
quired to  be  furnished  by  the  con- 
tractor, should  be  submitted  to  the 
engineer  for  his  approval  before 
starting  the  form  work,  but  such  ap- 
proval should  not  release  the  con- 
tractor from  any  responsibility  for 
the  safety  of  his  work  and  the  work 
of  other  contractors. 

DESIGN    OF    FORMS   IN   GENERAL 

Rules  for  designing  concrete  forms 
are  difficult  to  deduce  as  every  struc- 
ture has  its  own  peculiarities ;  the 
amount  of  concrete  deposited  in  the 
form,  if  wet,  or  dry,  if  deposited  by 
hand-mixing  or  machine-mixing  from 
a  board  or  from  dump  buckets,  all 
influence  the  design.  Forms  have 
been  built  which  were  perfectly  safe 
with  a  dry  mixture  shoveled  off  a 
board,  but  which  needed  rebracing 
when  the  concrete  was  wet  and  was 
dumped  from  buckets. 

The  dead  load  on  forms  should 
consist  of  the  calculated  weight  of 
the  forms  and  the  concrete,  the  liquid 
concrete  being  assumed  to  weigh  150 
lbs.  per  cu.  ft.  It  is  usually  re- 
qired  that  forms  be  so  designed  and 
constructed  as  to  carry  four  times 
the  dead  load  of  the  concrete  and 
the  steel  reinforcement. 

The  live  load  on  forms  should  be 
taken    at    75    lbs.    per    sq.    ft.    upon 


slabs  and  50  lbs.  per  sq.  ft.  in  figur- 
ing beam  and  girder  forms  and 
struts. 

Forms  should  be  designed  to  with- 
stand safely  a  wind  pressure  of  20 
lbs.  per  sq.  ft.,  upon  all  surfaces  ex- 
posed to  the  wind. 

In  proportioning  forms,  concrete 
should  be  treated  as  a  liquid  of  its 
full  weight  for  vertical  loads  and 
one-half  its  weight  for  horizontal 
pressures. 

The  allowable  compression  in  tim- 
ber struts  should  be  from  600  lbs.  to 
1,200  lbs.  per  sq.  in.,  varying  with 
the  ratio  of  the  size  of  the  strut  to 
length.  Extreme  transverse  fibre 
partial  rupture  of  the  concrete  or 
sagging  of  the  beam.  Flank  joists 
and  timber  beams  may  be  computed 
by  the  following  formula,  allowing 
a  maximum  deflection  of  %'': 
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in  which 

d=Greatest  deflection   in  inches 

W=:Total  load  on  plank  or  joist  in 

lbs. 
l:=:Distance  between  supports  in  ins. 
E=Modulus  of  elasticity  of  lumber 

used 
I=:Moment  of  inertia   of  cross-sec- 
tion of  plank  or  joist 
b= Breadth  of  lumber 
h= Depth  of  lumber. 

For  spruce  lumber  and  other  woods 
commonly  used  in  form  construction, 
E  may  be  assumed  as  1,300,000  lbs. 
per  sq.  in. 

Formula  (1)  may  be  solved  for  I, 
from  which  the  size  of  joist  required 
may  be  readily  estimated  from  for- 
mula (2). 

ECONOMY  OF  FORM  CONSTRUCTION 

Forms  should  be  constructed  with 
a  view  to  economy  in  taking  down 
rather  than  cheapness  in  erecting  or 
in  first  cost.  With  a  little  ingenuity 
and  forethought,  forms  can  almost 
always  be  arranged  so  that  repeated 
use  is  made  of  each  piece  of  lum- 
ber. It  is  not  unusual  to  construct 
a  10-story  building  by  using  over 
again  the  form  work  for  the  first 
three  stories.  It  frequently  requires 
a  great  deal  of  study  to  design  the 
forms  so  that  they  can  be  so  used, 
but  it  means  a  great  deal  of  money 
in  the  contractor's  pocket. 

In  many  instances  forms  may  be 
used  several  times  with  slight  modi- 
fications in  size  from  story  to  story 
or  from  bay  to  bay,  resulting  in  the 
greatest  economy  in  material  and 
labor.  The  design  of  the  structure 
should  always  go  hand  in  hand  with 
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the  design  of  the  forms.  Somethnes 
heavier  sections  may  be  used  with 
form  work  in  view  than  would  be 
strictly  correct  for  economic  design, 
as  the  saving  of  a  thin  layer  of  con- 
crete may  enormously  increase  form 
costs. 

Forms  should  be  designed  with  a 
view  to  obtaining  as  much  economy 
as  possible  in  labor  and  cost  of  ma- 
terial. Too  much  attention  paid  to 
economy  in  material  is  apt  to  run  up 
the  labor  cost,  resulting  in  a  dead 
loss.  On  the  other  hand,  if  the  cost 
of  material  is  run  up  it  is  not  all  loss, 
for  much  of  the  lumber  has  a  salvage 
value,  especially  where  attempts  are 
made  to  hold  as  much  as  possible 
to  standard  lengths  of  lumber. 
Therefore  it  pays  to  have  all  forms 
designed  in  the  office  as  carefully 
as  other  details  are  designed. 

LUMBER  FOR  FORMS 

Regarding  the  size,  thickness  and 
quality  of  the  lumber  used  for  forms, 
custom  differs  with  designers  and  lo- 
calities. In  fact,  designers  differ 
greatly  in  their  ideas  of  the  proper 
thickness  of  lumber  to  use  for  vari- 
ous parts  of  form  work.  The  thick- 
ness must  be  such  that  the  lumber 
will  not  deflect,  bulge  or  warp  under 
the  loads  imposed  upon  it. 

The  design  should  not  call  for 
very  wide  boards,  for  the  reason  that 
they  curl  and  split  badly.  Amply 
thick  and  heavy  material  should  be 
used  for  forms,  especially  if  they 
are  to  be  used  a  number  of  times. 
Thinner  material  is  easily  broken, 
thus  requiring  more  labor  for  repairs 
than  would  pay  for  the  extra  thick- 
ness. 

Generally  speaking,  1-in.  stuff  is 
used  for  floor  lagging  with  joists 
spaced  up  to  24"  or  when  built  into 
panels;  for  columns  and  wall  lag- 
ging ll/4-in.  to  2-in.  stuff  is  used; 
for  sides  of  beams  and  girders  1-in., 
114-in.,  1%-in.  and  2-in.  stuff  is 
used;  and  for  bottoms  of  beams  and 
girders  lyo-in.  and  2-in.  stuff. 


The  shores  and  supports  for  the 
usual  floor  forms  generally  consist 
of  rough  4-in.  x  4-in.  studding,  it 
having  been  found  by  practice  that 
such  studs,  when  placed  from  4'  to 
6'  o.  c.  possess  the  strength  neces- 
sary to  carry  the  weight  of  the  wet 
concrete.  For  ledger  boards,  cross- 
braces  and  ties,  as  well  as  for  nailing 
strips  and  battens,  1-in.  x  6-in.  or 
ll^-in.  X  6-in.  boards  are  found  con- 
venient; 2-in.  X  6-in.  and  3-in,  x 
6-in.  joists  are  used  to  some  extent 
for  the  support  of  slab  centering  and 
for  the  bracing  of  the  uprights. 
These  dimensions  are  by  no  means 
invariable,  as  a  study  of  the  numer- 
ous examples  of  actual  form  work 
given  in  Concrete-Cement  Age, 
and  many  books  on  plain  and  rein- 
forced concrete  construction,  will 
show.  Timbers  as  large  as  4-in.  x 
6-in.,  6-in.  x  8-in.,  and  8-in.  x  10-in. 
are  used  to  brace  and  secure  the 
form  work  for  heavy  concrete  wall 
and  buttress  construction,  and  all 
sizes  are  used  for  falsework  of  con- 
crete arch  construction. 

Dressed  lumber  should  be  used 
where  a  finished  surface  is  desired, 
and  undressed  lumber  for  backing 
and  other  rough  work.  T.  and  g. 
boards  are  more  expensive  than 
boards  surfaced  on  one  side  and  the 
edges,  and  they  are  particularly  hard 
to  place  a  second  time.  Smooth 
boards  will  reduce  the  labor  of  re- 
moving and  cleaning  the  forms. 

use  of  nails  and  wire  ties 

Forms  should  be  constructed  in 
such  a  way  as  to  avoid  the  use  of 
nails,  whenever  possible,  as  unneces- 
sary nailing  not  only  calls  for  more 
nails,  but  adds  to  the  difficulty  of 
removing  and  the  danger  of  splitting 
and  ruining  the  boards.  This  is  a 
primary  rule  to  observe  in  the  de- 
sign and  construction  of  forms  if 
possible  and  it  will  pay  to  study  this 
point  carefully  on  every  design. 
Make  cleats,  wedges  or  other  clamp- 
ing devices  do  as  much  work  as  pos- 


sible in  preference  to  nalN,  .s]Mkes 
and    screws. 

Avoid  the  use  of  wire  also  when  it 
is  proposed  as  a  substitute  for  nails, 
if  it  can  be  done.  Wire  ti^-s,  how- 
ever, may  be  used  to  secure  forms 
against  pulling  apart,  being  wound 
around  opposite  studs  and  the  twist- 
ed with  a  stick,  as  a  turnbuckle,  un- 
til the  studs  are  the  proper  distance 
apart.  The  use  of  wire  ties  will  be 
discussed  more  fully  in  another  ar- 
ticle under  "Wall  Forms." 

Sections  to  be  used  over  and  over 
must  be  securely  nailed,  while  forms 
to  be  taken  apart  should  have  as  few 
nails  as  possible.  Boards  and  planks 
usually  need  but  few  nails  unless 
the  forms  are  built  so  that  pressure 
tends  to  separate  them  from  the 
cleats.  The  pressure  of  concrete 
will  generally  hold  temporary  panel 
boards  in  place  with  very  few  nails. 
The  sheathing  of  wall  forms,  for  in- 
stance, if  to  be  removed  board  by 
board,  requires  only  enough  nails  to 
take  out  the  wind  of  the  boards  and 
hold  their  own  weight  till  the  con- 
crete is  placed. 

An  excellent  illustration  of  the 
villainous  nail-using  vice  in  all  its 
hideousness,  the  device  of  green  men 
and  unpractical  men,  is  shown  in 
Fig.  1. 

BRACING   OF    FORMS 

Forms  must  be  securely  braced  or 
tied  together  to  withstand  the  loads 
that  come  upon  them  and  preserve 
their  alignment,  so  that  the  pressure 
of  the  concrete,  or  the  movement  of 
men,  machinery  or  materials,  will 
not  throw  them  out  of  place.  They 
should  be  of  sufficient  rigidity  that 
the  vibrations  may  not  be  severe 
enough  to  affect  the  setting  of  the 
cement.  Rigidity  is  as  important  as 
strength,  and  deflections  of  forms 
should  be  limited  to  very  small 
amounts.  In  calculating  forms,  par- 
ticular attention  must  be  paid  to 
deflection  even  more  than  strength. 

Forms    may   be    braced    (1)    with 


Fig.  1 — Common  Details  Used  ix  Bracixg  Forms  with  Side  Nailed  Braces 

Fig.  2 — Profer  Methods  of  Abutting  Braces  and  Posts  in  Ordinary  and  Soft  Ground 

These  details  illustrate  common  forms  of  connection  for  the  lower   and   upper   end   of  braces,   which   may   be   considered   bad 

examples  of  bracing 

Fig  2a  shows  how  the  braces  should  abut  against  posts  driven  in  the  ground,  while  Fig.  2b  shows  how  the  posts  themselves  are 

braced  if  the  ground  is  soft 
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outside  inclined  braces,  leaving  the 
interior  of  the  form  nnobstructed; 
(2)  tie-rods  across  the  interior  of  the 
form,  connecting  opposite  posts  at 
frequent  intervals;  (3)  each  post 
trussed  vertically  and  tied  across  at 
top  and  bottom  only;  and  (!•)  hori- 
zontal trussed  walls  outside  of  posts, 
spaced  from  4'  to  6'  apart  in  the 
vertical  and  tied  across  at  the  ends. 

If  thin  inclined  braces  are  em- 
ployed they  should  be  in  pairs,  one 
on  either  side  of  the  vertical  post, 
and  made  to  act  together  by  cross- 
pieces  nailed  to  the  two  planks. 
Braces  must  be  designed  to  resist  all 
tendency  to  slide,  and  may  be  use- 
less if  put  in  without  thought. 

Very  common  details  in  bracing 
forms  are  shown  in  Fig.  1,  the  objec- 
tion being  to  the  loosening  of  the 
post  by  the  driving  of  the  nails,  the 
splitting  of  both  braces  and  post  by 
the  manner  in  which  the  strain  comes 
on  them,  the  loss  of  time  in  driving 
and  afterwards  drawing  the  nails 
and  also  the  waste  of  material  in- 
volved. 

Strange  to  say  these  and  other 
wretched  details  in  constructing 
form  braces  are  still  presented  in 
semi-technical  publications,  and  in 
advertising  books  issued  by  firms 
that  ought  to  be  in  a  position  to  em- 
ploy the  best  talent  in  preparing 
them  for  publication.  The  worst  of 
it  is  that  such  examples  as  those 
given  in  Fig.  1  are  apt  to  be  repro- 
duced in  publications  intended  to  be 
educational  or  in  popular  magazines 
and  papers  from  which  the  public 
obtains  nearly  all  information  on 
technical  subjects.  This  leads  one 
to  suspect  that  the  men  employed  to 
compile  such  books  are  men  whose 
knowledge  of  form  construction  is 
academic  rather  than  practical,  and 
who  are  prone  to  follow  printed  ex- 
amples, most  of  which  are  very  old 
and  many  prepared  by  men  who  have 
had  no  experience  whatever  in  break- 
ing the  men  to  the  work  of  making 
and  using  forms.  In  such  books  it 
certainly  seems  best  to  get  the  opin- 
ion of  really  practical  men  on  details 
of  work  before  preparing  the  illus- 
trations. 

In  Fig.  1  the  post  is  driven  to  hold 
the  braces  firm  and  after  the  post 
has  been  driven  until  it  sliows  signs 
of  splitting,  braces  are  spiked  to  it, 
which  frequently  require  hard  dri\'- 
ing  to  get  spikes  through  them  into 
the  post  (especially  with  2-in.  lum- 
ber). This  loosens  the  hold  in  the 
earth,  increases  the  size  of  the  cracks 
and  completes  the  destruction  of  the 
post.  The  strain  on  the  brace  is 
apt  to  be  somewhat  eccentric  due  to 
not  being  in  a  direct  line  with  its 
center,  thus  increasing  the  splitting 
tendency.     The  pressure  carried  by 
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Fig.  3 — Sketch  Showixg  Improper  and 
Proper  Connections  for  Braces 
Fig.  3a  shows  a  method  used  very  often 
at  the  upper  end  of  a  brace  when  the 
side  nailing  plan  has  been  abandoned, 
while  Fig.  3b  shows  the  only  method  that 
should  be  followed 

the    nail    is    transmitted    across    the 
grain  of  the  post  and  braces. 

Another  comment  or  objection 
might  be  made  to  the  connection  for 
the  upper  end  of  the  brace  against 
the  forms  shown  in  Fig.  1.  Here 
the  driving  of  nails  tends  to  move 
the  forms  and  no  adjustment  is  pos- 
sible. 

Such  illustrations  of  poor  bracing 
as  shown  in  Fig.  1  are  seldom  seen 
in  actual  practice  where  the  man  in 
charge  of  form  work  is  experienced. 
Even  very  ordinary  carpenters  laugh 
at  them. 

When  braces  are  placed  against 
the  post  in  the  manner  shown  in 
Fig.  2,  the  smallest  movement  may 
be  caught  and  the  form  stiffened  be- 
fore damage  can  be  done.  The  posts 
themselves  may  be  braced  as  shown 
in  Fig.  2,  where  the  ground  is  soft. 
A  stiff  support  against  which  braces 
may  be  placed  at  any  point  may  be 
had  by  driving  a  line  of  posts  and 
laying  against  them  a  heavy  timber 
or  thick  plank.  Immediate  braces 
may  be  quickly  introduced  if  the 
forms  show  any  sign  of  giving  way, 
thus  avoiding  delay  caused  by  driv- 
ing new  posts. 

The  method  of  fastening  the  up- 
per end  of  the  brace  shown  in  Fig. 
3  (a),  where  the  side  nailing  plan 
previously  commented  upon  has  been 
abandoned,  is  open  to  the  objection 
that  the  thin  end  of  the  brace  is  apt 
to  split  under  the  driving  of  nails 
and  the  pressure  may  cause  the  brace 
to  lift  slightly  and  split  the  thin  end. 

A  far  better  method  of  attaching 
braces  is  shown  in  Fig.  3  (b)  where 
it  is  possible  quickly  to  take  care  of 
the  giving  way  of  forms  and  the 
bracing  pieces  are  not  destroyed  in 
changing  forms.  Here  the  upper 
end  of  the  brace  is  cut  to  give  a 
square  end  and  on  the  form  is  nailed 
a  piece  of  board  with  the  heads  of 
the  nails  projecting  slightly  to  al- 
low of  easy  drawing  when  the  forms 
are  taken  down.  Where  nails  are 
driven  in  posts,  they  become  loos- 
ened  and   it  is   usually  necessary  to 


drive  other  pieces  alongside,  just  as 
soon  as  the  pressure  becomes  exces- 
sive on  the  forms. 

Another  method  of  bracing  forms 
is  to  construct  them  with  bolts  or 
wires  between  the  front  and  back, 
tlms  causing  the  forms  to  assist  each 
other  in  holding  together.  Bolted 
forms  take  less  time  to  put  up,  use 
less  lumber  and  all  round  are  the 
most  satisfactory  of  all  methods 
used.  Wiring  comes  next  to  bolts 
and  braces  occupy  the  third  place  so 
far  as  merit  is   concerned. 

It  seems  needless  to  comment  fur- 
ther upon  the  ordinary  methods  of 
bracing  forms,  except  to  say  that  the 
greater  number  of  failures  of  braces 
are  caused  by  the  posts  at  the  bottom 
giving  way  through  the  ground 
yielding,  earth  being  a  poor  material 
to  depend  upon  for  holding  forms 
rigid. 

In  all  braced  forms,  the  posts 
against  which  the  ends  of  the  diag- 
onals rest  should  be  driven  deep. 
They  should  also  be  driven  as  nearly 
vertical  as  possible  as  experience 
shows  that  vertical  posts  are  the 
stifFer,  especially  when  the  ground  is 
poor.  The  top  soil  is  seldom  able 
to  carry  much  of  a  load,  hence  the 
brace  should  be  driven  deep  in  order 
that  it  may  obtain  sufficient  anchor- 
age. 

By  using  bolts  or  wire  ties  there 
is  less  danger  than  when  braces 
alone  are  used  and  when  possible  to 
do  without  bracing  the  contractor 
should  not  depend  upon  it.  Failures 
with  bolted  and  braced  forms  are 
usually  due  to  the  ignorant  use  of 
ties. 

When  the  designer  has  computed 
the  matter  properly  and  the  foreman 
has  drawings  to  work  from  it  is  im- 
possible for  properly  secured  forms 
to  give  way. 

ARRANGEMENT    OF    BUILDING    FORMS 

Forms  used  in  building  construc- 
tion should  be  so  designed  and  erect- 
ed that  the  slab  centering  and  sides 
of  beams,  girders  and  column  forms 
can  be  removed  first  and  then  allow 
the  bottom  of  beams  and  girders  to 
be  supported  for  a  longer  time.  Col- 
umn forms  will  be  considered  in  the 
next  article. 


And  now  doctors  will  be  crying  for 
cement.  The  latest  use  of  it  described 
in  the  daily  papers  is  as  a  ready-made 
dressing  for  broken  bones.  A  labor- 
er in  Columbus,  Ohio,  had  his  leg 
broken  by  a  blow  from  a  dump- 
bucket  loaded  with  concrete.  The 
concrete  fell  out  on  the  broken  limb, 
and  set  before  he  was  moved.  When 
tlie  doctors  went  to  set  the  broken 
bone,  thev  found  it  incased  in  a  very 
effective  cast. 
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Design    Methods    in   Concrete  Construction — An 
alysis  of  Stresses  in  Rectangular  Beams 


By  Jerome  Cochran,  C.  E. 


It  is  not  the  province  of  this  series 
of  articles  to  go  very  deeply  into  the 
higher,  intricate  details  of' the  design 
of  reinforced  concrete  as  the  subject 
is  complicated  at  best,  and  the  reader 
must  be  referred  to  such  excellent 
treatises  on  design  as  Brook's  "Rein- 
forced Concrete;  Mechanics  and 
Elementary  Design;"  Hool's  "Rein- 
forced Concrete  Construction,"  Vols. 
I  and  II;  Ransome  4'  Saurbrey's 
"Reinforced  Concrete  Buildings ;" 
Taylor  ^  Thompson's  "A  Treatise 
on  Concrete,  Plain  and  Reinforced;" 
and  Turneaure  8f  Maurer's  "Princi- 
ples   of   Reinforced    Concrete    Con- 


struction." 

In  the  first  and  the  second  article, 
published  in  Concrete-Cement  Age 
for  Jan.,  1916,  and  Feb.,  1915,  were 
given,  analytically  and  graphically, 
the  general  principles  which  govern 
the  determination  of  the  bending  mo- 
ments and  shears  in  simple  beams 
under  applied  loads.  The  analysis 
of  stresses  in  reinforced  concrete 
rectangular  beams  will  be  considered 
in  the  present  article.  The  formulas 
used  in  designing  T  beams  will  be 
considered  in  the  next  article,  as 
well  as  the  application  of  formulas 
to  the  design  of  beams  and  slabs. 


INTRODUCTION 

Concrete  is  weak  in  tension,  i.  e., 
a  strain  tending  to  pull  it  apart,  but 
it  is  strong  in  compression,  i.  e.,  a 
strain  tending  to  crush  it  together. 
Steel  reinforcing  material  is  placed 
in  various  forms  near  the  tension 
sides  of  structural  members  to  resist 
the  tensional  stresses.  It  may  assist 
also  in  resisting  the  shear,  the  diago- 
nal tension,  and  occasionally  the 
compression  stresses,  as  in  doubly 
reinforced  beams ;  and  it  gives  addi- 
tional compressive  strength  when 
used  in  columns. 

This. combination  of  concrete  and 
steel,  called  Reinforced  Concrete, 
causes  the  stresses  that  are  set  up  in 
a  reinforced  concrete  structure  from 
dead  and  live  loads  to  be  somewhat 
complicated,  for  not  only  is  the  steel 
dissimilar  in  nature  from  the  concrete 
which  it  reinforces,  but  the  concrete 
itself  is  not  homogeneous  in  the 
strictest  sense  of  the  word.  It  is 
usually  customary,  however,  to  as- 
sume that  the  lack  of  homogeneity 
of  concrete  is  of  second  order  as  com- 
pared with  that  of  the  structure  as  a 
whole,  and  that  the  differences  be- 
tween the  nature  of  steel  and  concrete 
are  sufficiently  large  to  overshadow 
completely  the  small  differences 
which  undoubtedly  exist  within  the 
concrete  itself. 

Concrete,  for  all  practical  pur- 
poses, may  be  considered  sufficiently 
elastic  to  warrant  the  application  of 
the  elastic  theory  to  the  analysis  of 
stresses,  although  it  does  not  possess 
the  same  elasticity  as  steel.  In  other 
words,,  the  theories   of  the  distribu- 
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tion  of  the  stresses  in  reinforced  con- 
crete, which  are  based  on  the  elastic- 
ity of  the  concrete  and  the  steel,  are 
sufficiently  accurate  for  the  practical 
purposes  of  design. 

Tests  of  the  elasticity  of  concrete 
have  been  made  by  the  U.  S.  Govern- 
ment at  the  Watertown  Arsenal, 
Mass.,  p\iblished  annually  in  pam- 
phlet form  for  distribution  at  moder- 
ate price,  and  the  results  may  be 
found  in  Tests  nf  Metals  since  1898. 
Tests  made  at  the  Univ.  of  111.  on 
reinforced  concrete  columns  gave 
practically  the  same  values  for  the 
coefficient  of  elasticity  as  for  plain 
concrete. 

The  modulus  of  elasticity,  E,  may 
be  taken  as  the  quotient  of  the  stress 
per  unit  of  area  divided  by  the  de- 
formation (that  is,  the  elongation  or 
the  shortening)  in  a  unit  length,  and 
is  usually  expressed  as  follows : 
stress  per  square  inch 

E  =  

deformation  per  linear  inch 

The  adhesion,  or  bond,  between 
steel  and  concrete  is  a  very  impor- 
tant factor  and  one  that  might  be 
considered  the  foundation  of  all 
theoretical  study  of  reinforced  con- 
crete. In  fact,  the  whole  success  of 
reinforced  construction  depends  upon 
the  adhesion,  or  bond,  between  the 
steel  and  the  concrete. 

DESIGN    OF    REINFORCED    CONCRETE    IN 
GENERAL 

The  whole  subject  of  reinforced 
concrete  design  resolves  itself  into 
the  study  of  a  few  elementary  types 
of  structure  such  as  the  beam  or  gir- 
der,  the    slab,   the   column    and   the 


arch  and  all  structures,  however  com- 
plicated, are  either  a  modification  or 
a  combination  of  these  elementary 
types;  in  fact,  the  slab  is  even  a 
modification  of  the  beam,  being  a 
beam  supported  on  all  sides. 

With  consistent  formulas  for  the 
various  elements,  the  allowable 
stresses  should  be  the  same  for  all 
elements  of  the  structure  considered, 
as  the  purpose  of  design  is  to  pro- 
duce not  only  a  structure  of  adequate 
strength,  but  one  of  equal  strength  in 
its  several  parts. 

The  amount  of  bending  or  other 
forces  produced  by  external  loading 
is  computed  in  the  same  way  as  in 
any  other  structure  and  was  consid- 
ered, in  the  case  of  simple  beams, 
both  analytically  and  graphically  in 
Concrete-Cement  Age  for  Jan., 
1915,  and  Feb.,  1915. 

The  problem  in  reinforced  con- 
crete is  to  distribute  the  resultant 
stresses  in  such  a  manner  between  the 
concrete  and  steel  as  to  have  the  con- 
crete take  the  compressive  stresses 
and  the  steel  take  the  tensile  stresses. 
and  thus  require  the  least  amount  of 
each  material.  Sometimes  steel  is 
also  used  in  compression,  although 
with  less  success. 

How  the  available  compressive  re- 
sistance of  concrete  and  the  tensile 
resistance  of  steel  bars  are  utilized 
in  reinforced  concrete  design  will 
n,ow  be  considered  in  this  and  other 
articles,  the  recommendations  on  re- 
inforced concrete  design  of  the  Joint 
Committee,  composed  of  members 
selects  from  the  A.  S.  C.  E.,  the 
Am.  Soc.  for  Test.  Mat.,  the  Am. 
Ry.  Eng.  Assn.,  and  the  Assn.  of 
Am.  Portland  Cement  Mfrs.,  being 
followed  because  of  their  general  ac- 
ceptance as  a  standard. 

theoretical      DISCUSSION      OF      REIN- 
FORCED   CONCRETE    BEAMS 

The  theory  of  bending  used  for 
reinforced  concrete  beams  is  different 
from  the  ordinar3^"theory  of  flexure" 
as  used*  for  homogeneous  beams  in  a 
few  particulars  only,  and  this  differ- 
ence is  more  apparent  than  real.  We 
consider  here  only  the  point  of  maxi- 
mum bending  moment;  this  is  also 
the  point  of  maximum  depth,  and  we 
may  assume  both  the  compressive  and 
the  tensile  resultant  to  be  normal  to 
a  vertical  section  through  this  par- 
ticular point. 

The  usual  formulas  for  the  design 
of  reinforced  concrete  rectangular 
beams  are  developed  upon  the  as- 
sumptions, (a)  that  a  cross-section 
plane  before  bending  continues  a 
plane  during  bending,  and  (b)  that 
stress  and  strain  are  proportioned. 

In  the  first  assumption  the  deform- 
ation or  stretch  at  any  point  in  the 
compressive  portion   of  the  beam   is 
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proportional  to  the  distance  of  this 
point  from  the  neutral  axis,  and  the 
distribution  of  stresses  is  also  propor- 
tional to  the  distance  from  the  neu- 
tral axis  so  long  as  the  moment  of 
elasticity  is  constant.  This  distribu- 
tion may  be  represented  by  a  straight 
line  as  shown  in  Fig.  1. 

The  assumption  known  as  Hooke's 
law — that  stress  is  proportional  to 
deformation — is  not  applicable  when 
the  modulus  of  elasticity  changes, 
since  the  intensity  of  stress  is  no 
longer  proportional  to  the  distance 
from  the  neutral  axis  but  changes 
according  to  the  relation  of  the 
moduli  of  elasticity  at  different  load- 
ings, and  the  line  representing  the 
distribution  becomes  a  curve. 

THE   STRAIGHT   LINE   THEORY 

The  straight  line  theory  of  distri- 
bution of  stress,  which  is  the  sim- 
plest and  most  easily  understood,  as- 
sumes the  following  hypothesis  as  a 
basis  for  standard  engineering  prac- 
tice, in  reinforced  concrete  design: 

(1)  A  section  plane  before  bend- 
ing remains  plane  after  bending. 

(2)  The  modulus  of  elasticity  of 
concrete  in  compression  is  constant 
within  the  usual  limits  of  working 
stresses. 

(3)  The  strain  in  any  fiber  is  di- 
rectly proportionate  to  the  distance 
of  that  fiber  from  the  neutral  axis ; 
thus  the  variation  of  stress  in  the 
section  above  the  neutral  axis  is  in- 
dicated by  a  triangle. 

(4)  All  tensile  stresses  are  consid- 
ered as  resisted  entirely  by  the  steel 
reinforcing,  no  allowance  whatever 
being  made  for  concrete  in  tension. 

(5)  The  adhesion,  or  bond,  be- 
tween the  concrete  and  the  steel 
within  working  limits  is  sufficient  to 
make  the  two  materials  act  together 
as  a  homogeneous  solid. 

(6)  The  neutral  axis  of  any  hom- 
ogeneous section  passes  through  the 
center  of  gravity  of  the  section. 

(7)  The  elastic  limit  of  the  mate- 
rial is  not  exceeded. 

(8)  Initial  stresses  are  to  be  neg- 
lected. That  is  to  say,  initial  stress 
in  the  reinforcement,  due  to  contrac- 
tion or  expansion  in  the  concrete, 
should  be  neglected. 

It  is  recognized  that  some  of  these 
assumptions  are  not  entirely  borne 
out  b}'  experimental  data.  They  are, 
however,  no  more  inaccurate  than 
other  sets  of  assumptions  which  we 
would  be  able  to  suggest  in  our  pres- 
ent state  of  knowledge ;  moreover, 
they  are  given  in  the  interest  of  sim- 
plicity and  uniformity.  Beams  de- 
signed by  the  straight  line  theory 
and  properly  constructed  will  be  un- 
questionably safe. 

The  straiglit  line  theory  has  been 
adopted  by  tlic  highest  authorities 
here    and    abroad,    and    the    results 


Fig.  1 — Location  of  Neutral  Axis  ix  a 
Reixforced  Concrete  Beam 

from  it  may  be  readily  compared 
with  the  parabolic  distribution  of 
pressure  in  concrete  above  the  neu- 
tral axis,  which  corresponds  some- 
what more  nearly  to  actual  test. 

The  two  theories,  however,  re- 
quire practically  identical  percent- 
ages of  steel  and  the  only  difference 
is  in  the  determination  of  the  unit 
stress  in  the  concrete.  When  using 
the  parabola  theory,  about  15%  low- 
er compressive  stress  in  the  concrete 
must  be  used  than  when  figuring  by 
the  straight  line  theory  to  obtain  sim- 
ilar results.  For  example,  650  lbs. 
per  sq.  in.  safe  compression  by  the 
straight  line  corresponds  to  about 
565  lbs.  per  sq.  in.  by  the  parabola 
theory. 

LOCATION    OF    NEUTRAL    AXIS 

When  a  beam  is  of  such  composite 
character  as  steel  and  concrete,  the 
neutral  plane  or  axis  is  neither  at 
the  gravity  axis  of  the  section,  nor 
does  it  remain  fixed  during  the  suc- 
cessive applications  of  varying  loads. 
It  is,  then,  of  first  importance  that 
the  position  of  the  neutral  axis  be 
determined  as  accurately  as  may  be. 
This  is  done  by  means  of  measure- 
ments of  the  deformations  at  the 
compression  edge,  and  at  the  plane 
of  the  reinforcing  bars,  according  to 
Brook's  "Reinforced  Concrete,"  p. 
2(5.  If  in  Fig.  1  the  deformations 
be  xx'  and  yy'  the  neutral  axis,  N, 
is  located  by  connecting  x'y'  with 
a  straight  line  intersecting  xy  at  N. 
The  assumption  that  the  plane  sec- 
tion xy  becomes  the  plane  section 
x'y'  after  bending  is  called  "Nav- 
ier's  hypothesis,"  or  the  assumption 
of  the  conservation  of  plane  sections. 
Careful  measurements  show  some 
deviation  from  a  plane,  Taut,  in  gen- 
eral, the  above  assumption  seems  to 
be  warranted  by  the  results  of  ob- 
served deformations  under  working 
loads  on  concrete  beams.  If  obser- 
vations be  made  at  rr'  and  ss' ,  an- 
other determination  of  the  neutral 
axis  is  made  by  joining  r'  s'. 

An  empirical  formula  sugested  by 
Prof.  A.  N.  Talbot,  of  the  Univ.  of 
111.,   for  the  location  of  the  neutral 


axis  under  normal  loading  is  given 
on  p.  479  of  Taylor  &  Thompson's 
"Concrete,  Plain  and  Reinforced," 
to  which  the  reader  is  referred. 

The  neutral  axis  for  small  loads 
is  just  below  the  center  line  of  the 
beam,  while  for  greater  loadings  it 
moves  gradually  nearer  to  the  com- 
pression side.  These  facts  are 
borne  out  by  actual  tests,  according 
to  Taylor  &  Thompson,  who  further 
state  that  as  the  first  cracks  develop, 
the  change  in  position  of  the  neutral 
axis  is  more  sudden,  and  the  distance 
from  the  compression  side  soon 
reaches  its  minimum,  which  for  usual 
percentages  of  steel  is  from  %o  to 
%o  of  the  depth  from  the  top,  after 
which  the  change  for  additional  load- 
ing is  inaiDpreciable.  At  failure  the 
change  is  sudden  again. 

ANALYSIS  OF  STRESSES  IN  A  RECTANGU- 
LAR   BEAM 

The  stresses  in  a  simple  rectangu- 
lar beam  at  any  vertical  section  may 
be  represented  as  shown  in  Fig.  2, 
where  the  concrete  in  its  upper  por- 
tion resists  the  forces  which  tend  to 
compress  it,  and  the  steel  in  its  lower 
part  resists  the  forces  which  tend  to 
stretch  and  break  it  in  tension.  The 
large  arrows  indicate  the  direction  in 
which  the  compressive  and  the  tensile 
resistances  act,  which  are,  of  course, 
opposite  in  direction. 

The  center  of  pressure  of  the  con- 
crete passes  through  the  center  of 
gravity  of  the  triangle  which  repre- 
sents the  compressive  stresses. 

The  center  of  tension  in  the  steel 
is  at  the  center  of  the  rod,  or,  if  there 
is  more  than  one  layer  of  rods, 
through  the  center  of  gravity  of  the 
set  of  rods. 

In  general  the  following  nomen- 
clature and  formulas  conform  to  the 
report  of  the  Joint  Committee  on  Re- 
inforced Concrete  of  the  A.  S.  C.  E., 
Am.  Soc.  for  Test.  Mat.,  Am.  Ry. 
Eng.  Assn.,  and  the  Assn.  of  Am. 
Portland  Cement  Mfrs. 

fs  =  tensile  unit  stress  in  steel, 
lbs.  per  sq.  in. 

fc  =  compressive  unit  stress  in 
concrete,  lbs.  per  sq.  in. 

Es  =  modulus  of  elasticity  of 
steel,  lbs.  per  sq.  in. 

Ec  =  modulus  of  elasticity  of  con- 
crete, lbs.  per  sq.  in. 
Es 

n  =  — 
Ec 

M  =  moment  of  resistance  or  a 
bending  moment,  lbs.  ins. 

As  =  area  of  steel,  sq.  ins. 

b  =  width  of  beam,  ins. 

d  =  depth  of  beam  to  center  of 
reinforcement,  ins. 

k  =  ratio  of  depth  of  neutral  axis 
to  effective  depth  d. 

r  =  depth  of  resultant  compres- 
sion below  top. 
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j  z=  ratio  of  lever  arm  of  resist- 
ing couple  to  depth  d. 

jd  =^  d  —  z  1=  arm  of  resisting 
couple. 

p   =   ratio  of  steel    to    concrete. 
For  rectangular  beams, 
As 

P  = 

bd 

In  Fig.  2  a  vertical  section  is 
shown  with  the  deformations  pro- 
duced by  the  bending  of  the  beam. 
We  assume   (a)   that  a  cross-section 


Solving  formula   (1)    for  fc 
k  fs 

fc  =  fs  =  (3) 

n(l — k)  nz 

Equating  the  total  tension  in  the 
steel  and  the  total  compression  in  the 
concrete,  we  have 

fsXpX  dXb  =1/2X  fc  X  ^^<l 
Cancelling  out  the  db  which  occurs 
in  both  equations,  we  have 
fck 
Pfs  =  (4) 


From  equations   (6)  and  (7), 
/*         k 


2 


Fig.    2 — Resisting    Forces    ix    a    Reinforced  Concrete  Beam 


plane  before  bending  continues  a 
plane  during  bending,  and  (b)  that 
stress  and  strain  are  proportional. 
Inspection  of  the  diagram  shows  that 
the  upper  fibers  are  shortened,  the 
lower  fibers  extended  under  the  load; 
— ^the  neutral  axis  forms  the  division 
line  between  shortened  and  extended 
fibers.  The  assumption  of  plane  sec- 
tions is  evidently  equivalent  to  as- 
suming that  the  deformation  of  any 
fiber  is  in  direct  proportion  to  its 
distance  from  the  neutral  axis,  and 
thus  we  have 

deformation  in  steel 

def  ormationan  extreme  concrete  fibers 
d  (1—k)  1—k 


kd  k 

We  further  assume  that  the  stress 
on  any  small  unit  is  directly  propor- 
tioned with  the  deformation,  and 
since  deformation 

stress  per  sq.  in. 
r= we  have 


If  the  value  of  k  in  formula  (2) 
be  submitted  for  the  k  in  formula 
(4),  we  have 

1 
p   ^ (5) 

f^ 
2  — 

According  to  the  principles  of  me- 
chanics the  sum  of  the  horizontal 
forces  acting  on  a  vertical  section 
must  be  zero,  hence  the  resultant 
force  in  the  compression  flange  must 
equal  the  resultant  force  in  the  ten- 
sion flange,  or 

fc 

AXf^  =  —  XkdXb 

2 

and  the  moments  are  also  equal,  Ms 

=  Mc 

Ms  =  As  X  ^-^  -^  jd  =  pfsjbd' 

(6) 
fc 
Mc  =  —  X  ^d  X  b  X  jd 


fc 


modulus  of  elasticity 


X  hj  X  bd' 


(7) 


f^ 


Es  d(l—k)        fs        1—k 

or  —  = =  z  (1) 

fc  kd  nfc  k 

Ec 

from  which 


k  = 


March,  1915 


fs        i  + 
nfc 


(2) 


These  equations  apply  when  the 
maximum  fiber  stresses  fc  and  fs  are 
known;  the  reinforcement  then  is  the 
critical  ratio  for  these  fiber  stresses. 

It  is  sometimes  desirable  to  dis- 
cuss the  beam  when  a  ratio  of  rein- 
forcement is  assumed  which  is  not 
necessarily  the  critical  ratio. 

From  the  fundamental  equations, 
fs        Es  (1—k)  (l—Ji) 

fc  Ec        k  k 


licnce 

11(1— k) 


fc      2p 


(8) 


k 


=  —  and  p 


k  2  2  n(l—h) 

Solving  for  k  we  find  that  A:  = 
the  square  root  of 

2  pn  -{-  (pnf  minus  pn  (9) 
which  is  the  position  of  the  neutral 
axis,  in  terms  of  n  and  p  and  its  loca- 
tion may  be  calculated  with  any  per- 
centage of  steel  for  concrete  and 
steel  having  modulus  of  elasticity. 
Referring  to  Fig.  2,  we  have 

jd  -f  1/S  kd  =  d 
from  which 

k 
j  =  l (10) 

s 

The  value  of  the  moments  of  re- 
sistance Ms  and  Mc,  may  also  be  ex- 
pressed without  using  k  by  substitut- 
ing in  formulas  (6)  and  (7)  the 
value  of  p  from  formula  (5)  and  the 
value  of  k  from  (2),  thus  giving 


(n) 


(12) 


In  the  use  of  formula  (12),  fs  and 
fc  must  be  corresponding  values  and 
cannot  be  assumed  independently  of 
each  other,  since  for  any  percentage 
of  steel  the  ratio  of  fs  to  fc  is  a  con- 
stant.    See  formula  (5). 

For  a  given  quality  of  concrete  and 
steel  the  values  of  fs  and  fc  and  n 
are  constant,  so  that  the  term  in 
brackets  mav  be  replaced  by  a  con- 

1 
stant  

We  may  thus  Avrite  in  place  of  for- 
mulas  (11)  and  (12)  the  formula 
bd' 
M  =  (13) 

c"- 

where  C  is  a  constant  for  any  given 
concrete  and  steel.    Values  of  C  un- 
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der  different  conditions  are  tabulated 
on  pp.  519  and  520  of  Taylor  & 
Thompson's  Concrete,  Plain  and  Re- 
inforced, to  Avhich  the  reader  is  re- 
ferred. 

Following  directly  from  formula 
(13) 

3/ 
d  =^  C  into  the  square  root  of  — 

b 
(14) 

In  the  above  formula  M  represents 
the  bending  moment  which  must  be 
equal  to  or  smaller  than  the  moment 
of  resistance.  Also,  since  in  Fig.  2 
d  =^  h  —  e,  the  formula  may  be  writ- 
ten 

M 
h  ^  C  into  the  square  root  of  — 

b 
plus  e  (15) 

from  which  the  required  height  of 
the  rectangular  beam  or  slab  may  be 
directly  obtained. 

The  area  of  cross-section  of  steel 
in  sq.  ins.  is  given  by  the  formula: 

As  =  pbd  (16) 


In  a  paper  by  Percy  R.  Wilson, 
Sec,  of  the  Assn.  of  Am.  Portland 
Cement  Mfrs.,  read  before  the  Assn. 
for  the  Advancement  of  Science 
in  Philadelphia,  parallel  was  drawn 
between  the  ancient  Roman  roads 
whicli  have  held  together  so  well 
through  centuries  and  the  construc- 
tion of  the  modern  concrete  roads  in 
this  country.  According  to  Mr. 
Wilson,  the  making  of  roads  as  good 
as  those  produced  by  the  ancients 
is  by  no  means  a  lost  art  and  Ameri- 
can road  buliders  under  American 
engineers  are  doing  as  good  if  not 
better  work  than  was  done  by  the 
builders  of  yore.     Mr.  Wilson  says: 

Considered  merely  from  the  standpoint 
of  the  number  of  miles  constructed  and 
in  use,  the  concrete  road  is  a  new  type  of 
highway  in  America.  Its  basic  principle 
goes  back,  however,  to  the  ancient  Roman 
roads.  These  highways,  which  have  en- 
dured centuries,  were  not  altogether  a 
matter  of  massive  construction.  They 
were  held  together  by  the  use  of  puzzol- 
ana  as  a  binding  material,  the  volcanic 
cement,  which  also  has  kept  intact  many 
of  the  Roman  edifices  built  centuries  ago. 
In  America,  engineers  have  adopted  Port- 
land cement  as  a  binding  material  for 
roads.  Portland  cement  is  as  enduring 
and  tenacious  as  the  old  Roman  cement 
if  we  are  to  judge  from  tests  upon  speci- 
mens of  like  age. 


Rapidity  of  placing  concrete  where 
quick-setting  cement  is  used  is  a  point 
which  must  be  carefully  attended  to. 
Some  cements  obtain  their  initial  set 
in  about  Yn  hr.  after  being  wet.  A 
slow-setting  cement  should  be  used 
when  a  long  time  is  likely  to  occur 
between  mixing  and  final  j)lacing. 
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Fig.  1 — Concrete  Swimming  Pool  at  Rockledge,  Fla.,  Showing  Concrete  Ladders 
AND  7-FT.  Diving  Hoi-e  at  the  Lower  End 


Construction  of  Concrete  Swimming  Pool 
at  Rockledge,  Florida 


The  swimming  pool  shown  in  the 
accompanying  illustrations  was  re- 
cently completed  at  Rockledge,  Fla. 
It  is  22'  X  6V  inside  measurements, 
with  a  depth  varying  from  S^^'  to 
5',  with  a  7-ft.  diving  hole  near  the 
deeper  end.  The  wall  is  8''  thick  at 
the  bottom  and  6"  at  the  top,  with  a 
4-in.  by  12-in.  coping.  Braces  or 
posts  are  placed  about  every  6'  apart, 
giving  a  panel  effect  on  the  outside. 
The  bottom  is  4''  thick. 

The  walls  were  made  of  concrete 
mixed  in  the  proportion  of  1 :4,  of 
which  one-third  was  shell  and  two- 
thirds  medium  coarse  sand,  which 
was  obtained  from  the  excavation. 
The  shell  took  the  place  of  fine 
gravel  and  was  hauled  from  the  river. 
The  inside  was  finished  with  a  1 :2 
troweled  coat  and  a  brush  coat  of 
neat  cement.  The  bottom  was  treated 
in  a  similar  manner. 

Reinforcing  in  the  form  of  a  dia- 
mond-shaped mesh  with  2  runs  of 
twisted  fence  wire  were  used  in  the 
floor  and  walls.  Pieces  of  strap  iron 
about  i/s''  X  11/2"  X  36"  (straps  that 
came  around  bundles  of  corrugated 
roofing)  were  used  in  corners  and 
braces.  This  reinforcement  was  not 
lieavy  enough  to  prevent  shrinkage 
cracks,  which,  however,  were  not  of  a 
size  sufficient  to  cause  any  apprecia- 
ble seepage  of  water. 

No  waterproofing  was  used,  and, 
excepting  at  the  shrinkage  cracks, 
the  outside  of  the  walls  did  not  show 
any  sign  of  dampness  even  after  the 
pool  had  been  full  of  w-ater  for  a 
Aveek. 

The  excavation  was  about  2  ft. 
deep  and  was  mostly  in  sand,  al- 
though some  "coquina"  rock  was  en- 
countered that  required  blasting. 

The  original  plan  called  for  two 
sets  of  steps  from  the  pool,  but  by 
putting  one   set  on   the  outside   and 


substituting  a  concrete  stepladder  for 
the  other,  the  pool  is  cleared  of  ob- 
structions. The  stepladder,  shown  in 
Figs.  1  and  2,  required  about  %  sack 
of  Portland  cement  and  cost  about 
$3.00.  The  concrete  steps  would 
have  required  at  least  4  sacks  of  ce- 
ment and  extra  form  work. 

The  side  walls  were  built  first,  re- 
quiring much  care  to  prevent  the  sand 
from  interfering  with  the  foundation 
that  was  on  the  outside  of  the  wall. 
A  better  arrangement  would  have 
been  to  have  constructed  the  bottom 
first,  as  shown  in  Fig.  3,  leaving  a 
shallow  channel  for  the  walls  and 
allowing  the  reinforcement  to  pro- 
ject out.  With  such  an  arrangement 
it  would  be  easier  to  cover  the  bottom 
with  sand  as  a  protection  from  the 
sun,  and  better  alignment  for  the 
wall  forms  at  the  bottom  would  have 
been  secured.  The  channel  should 
be  slightly  wider  than  the  forms  re- 
quire, in  order  to  provide  for  wedges 
to  facilitate  moving  the  forms  in  lin- 
ing them.  up.  It  is  very  easy  to  fill 
up  the  narrow  places  with  additional 
concrete. 

Water  is  supplied  from  an  artesian 
well  through  a  2-in.  pipe  from  the 
bottom  of  a  small  walled  artificial 
spring  hole,  where  it  bubbles  up  and 
overflows  into  the  pool,  as  shown  in 
Fig.  2. 

The  U-shaped  concrete  drain  was 
made  in  place,  and  covered  by  small 
flat  concrete  slabs,  the  slope  being 
Ys"  to  the  foot.  It  is  6"  wide  and 
cost  slightly  more  than  4-in.  sewer 
pipe,  and  less  than  6-in.  sewer  pipe. 
The  outlet  valve,  also  shown  in  Fig. 
2.  is  made  of  concrete  with  a  rub- 
ber facing  and  is  opened  by  using  a 
2-in.  x  4-in.  stick  as  a  lever  to  push 
it  back. 

Fig.  4  shows  a  sliding  board  used 
in  connection  with  the  swimming  pool. 

The  cost  of  the  pool  without  water 

March,  1915 


CONCRETE-CEMENT  AGE 


^/WA^  PtAT/Vff/^   -  > 


3tLOU  BOTTOM  0 

Fig.  2 — Details  Showixg  Coxcrete  Swimmixg  Pool  at  Rockledge,  Fla. 
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Fig.  3 — Sketch  Showing  Method  of  Assembling  Forms  for  Side  AValls,  axd  Mesh 
Reixforcemext  Projectix'^g  Up  From  the  Bottom 


supply  or  drain  was  about  $550^  but 
including  piping  for  water  supply 
and  270'  of  drain  tile,  a  large  part 
of  which  was  blasted  through  rock, 
it  cost  about  $700.  Seventy-six  bar- 
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rels  of  Portland  cement  were  used, 
and  cost  about  $2.40,  delivered  on 
the  job,  less  the  cost  of  sacks. 

We  are  indebted  to  A.  W.  Devol, 
contractor,     Cocoa,     Fla.,     for     the 


Fig.  4 — View  Showixg  Slidix'g  Board 
Used  ix  Coxxectiox  With  the  Cox- 
crete Swimmixg  Pool  at  Rockledge,  Fla. 

above  information,  the  swimming  pool 
being  built  for  Robert  Henkel,  De- 
troit, at  his  winter  home  in  Rock- 
ledge, Fla. 


Among  the  descriptions  of  the 
queer  old  patents  that  are  to  be  found 
in  the  early  issues  of  the  Journal  of 
the  Franklin  Institute  is  an  English 
patent  granted  in  Jan.,  1829,  to  Wil- 
liam Hobson,  Gent.,  for  an  improved 
method  of  paving  streets.  Strange 
to  say,  this  old  invention  has  manj- 
suggestions  of  the  modern  methods 
for  constructing  concrete  roads, 
though  in  those  days  lime  was  used 
instead  of  Portland  cement,  which  was 
practically  unknown  commercially. 
The  sub-base  was  first  prepared  and 
upon  this  a  coat  of  coarse  mortar  was 
laid  consisting  of  lime,  gravel  or 
small  fragments  of  stone.  On  top 
of  this  were  placed  the  paving  stones 
which  were  grouted  with  the  lime, 
finely  sifted  gravel  or  coarse  sand,the 
proportions  being  1  part  lime  to 
4  parts  or  5  parts  of  fine  material. 
The  pavement  was  then  thoroughly 
rammed  and  grouted  again.  Some  of 
our  concrete  road  construction  has  a 
strong  resemblance  to  the  work  done 
under  this  old  patent. 


The  tendency  of  the  average  con- 
tractor is  to  mix  concrete  too  wet, 
the  cement  being  washed  to  the  low- 
est point  of  the  forms,  and  the  rest 
of  the  concrete  suffers  in  conse- 
quence. Mixed  too  wet,  concrete 
never  attains  its  full  strength.  The 
mixture  must  not  be  so  thin  that  it 
will  seep  through  the  joints  in  the 
forms. 
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Making  the    Models   and   Molds   for    Ornamental 
Concrete  Work — Using  Plaster  and  Gelatin 

(Contributed) 


Fig.    1 — Short   Building,    Fresno,   Cal., 
With  Ornamental  Work  of  Concrete 

The  accompanying  illustrations 
show  not  only  the  })ossibilities  in 
decorative  treatments  of  concrete  but 
illustrate  some  of  the  steps  in  the 
production  of  the  ornamental  con- 
crete castings. 

Fig.  1  shows  the  Short  Bldg., 
Fresno,  Cal.,  and  Fig.  2  shows  some 
of  the  entrance  way  detail.  All  of 
this  work  was  done  by  R.  Keehn, 
Fresno. 

Fig.  3  shows  the  workman  with  an 
original  model  at  the  right,  and  at 
the  left  the  shell  which  is  fitted  over 
the  model  for  the  protection  of  i 
gelatin  mold.  The  melted  glue  or 
gelatin  is  introduced  around  the 
model  through  the  two  holes  in  the 
shell,  the  shell  being  made  larger 
than  the  model  to  give  plenty  of 
thickness  for  the  glue.  The  shell  is 
used  to  support  the  glue  mold.  The 
interior  surface  of  the  glue  mold  has 
to  be  hardened  and  waterproofed  to 
prevent  its  disintegration  by  contact 
with  the  wet  concrete.  The  glue 
mold  is  first  dusted  over  with  chalk 
or  talcum  powder  to  remove  any  trace 
of  the  grease  which  was  applied  to 
the  model  to  prevent  the  glue  from 
sticking.  After  this  dusting,  tlie 
mold  is  treated  with  a  saturated  solu- 
tion of  alum  applied  wilh  a  brush. 
This  hardens  the  mold.  When  the 
coating  of  alum  becomes  dry,  the  sur- 
face   is    varnished    with    as    good    a 
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grade  of  varnish  as  can  be  obtained. 
When  the  varnish  has  become  per- 
fectly hard,  and  just  before  the  cast- 
ing is  made,  the  interior  surface  of 
the  glue  mold  is  greased  over  with 
raw  linseed  oil. 


Fig.  2— Detail  at   Extbance   of   Short 
Building 


In  Fig.  4  a  gelatin  mold  is  shown 
on  the  left  and  the  casting  made 
from  it  on  the  right.  In  this  case, 
the  original  model  was  worked  out  by 
hand  in  clay.  In  making  a  plaster 
model  it  is  possible  to  make  the  origi- 
nal model  without  undercut  and  lack- 
ing the  more  intricate  detail  and  after 
it  is  hard,  carve  away  parts  of  the 
plaster  to  complete  the  design.  In 
other  words,  the  original  plaster 
model,   as   first  cast,    may    be    only 


Fig.  3 — Plaster  Shell  at  the  Left  and 
Original  Mohel  at  the  Right,  Used  in 
Making  a  Gelatin  Mold 

partially  completed,  finishing  details 
being  cut  into  the  plaster.  With  this 
finished  plaster  model  laid  flat  on  a 
table  a  dam  of  sand  is  built  up 
around  the  edges  and  the  model  cov- 
ered with  gelatin. 

Fig.  5  and  Fig.  6  illustrate  how 
plaster  molds  may  be  used,  assembled 
from  many  separate  pieces  in  order 
to  avoid  undercut  and  for  easy  re- 
moval from  the  final  casting.  The 
plaster  mold,  in  this  case,  is  in  17 
pieces,  including  the  shell.  These 
have  been  outlined  in  ink  on  the  pho- 
tograph to  make  the  lines  of  division 
more   clear.     The   division   is   shown 


Fig.  4 — Gelatin  Mold  at  the  Left  and  Original  Plaster  Model  at  the  Right 
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ious  unconnected  sections  are  applied 
on  the  original  model  with  dams  or 
fences  of  modeling  clay  to  stop  off 
the  plaster  at  a  given  line.  When 
tlie  plaster  is  hard,  and  it  must  be 
handled  rapidly,  these  joints  are  well 
greased  and  plaster  then  applied  to 
the  next  section  of  the  mold,  the 
grease  preventing  one  part  of  the 
plaster  mold  from  sticking  to  another 
part  while  the  work  is  being  done. 

In  Fig.  7  is  shown  a  plaster  shell 
and  in  front  of  it  are  seven  pieces  of 
the  plaster  mold  which  fit  into  the 
shell  in  order  to  make  the  small  con- 
crete ornament  which  is  shown  just 
at  the  right  of  the  shell. 

Fig.  8  shows  other  plaster  mplds 
for  small  ornamental  pieces  assem- 
bled in  the  shells  which  hold  them 
together. 

Plaster  molds  and  gelatin  molds 
require  very  careful  workmanship 
and  the  very  best  grades  of  material 
and  facility  in  the  work  can  only  be 
gained  by  considerable  experience. 


Figs.  5  and  6 — Show  the  Many  Parts 
IN"  Which  the  Plaster  Mold  is  Fre- 
auENTLY  Made  for  Facility  in  Remov- 
ing the  Mold  from  the  Concrete  Cast- 

still  further  in  Fig.  6,  with  part  of 
the  plaster  mold  removed.  In  mak- 
ing a  plaster  mold  of  this  kind,  var- 


Scrubbing  concrete  surfaces  with 
ordinary  scrubbing  brushes  with  stiff 
palmetto  or  other  fiber  brustle,  with 
a  slight  stream  of  water  from  a  hose 
or  can,  will  usually  be  sufficient  if 
the  concrete  has  not  set  too  hard. 


Fig.  7 — A  7-piece  Plaster  Mold  and  the  Shell  which  Encloses  these  Pieces  and 
AT  the  Right  the  Ornament  gf'Concrete  Cast  in  the  Mold 

Fig.  8 — Plaster  Mold  Assembled  Ready  for  Casting 
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The  U.se  of  Glue  MohLs  Un- 
der Serious  Difficulties 
By  Nkal  M.  Judd* 

Thirteen  visible  stone  monuments, 
with  the  ruins  of  surrounding  tem- 
ples, pyramids  and  ceremonial  courts 
are  all  that  remain  of  a  once  power- 
ful religious  community,  near  the 
present  station  of  Quirigua,  Guate- 
mala, C.  A.  Sixteen  hundred  years 
ago,  if  we  may  accept  the  figures  of 
some  students  of  Central  American 
archaeology,  this  empty  city  was  ac- 
tive with  the  enthusiasm  of  its  inhab- 
itants;  now  the  calls  of  jungle  fowl 
echo  through  the  enveloping  silence. 

In  an  effort  to  preserve  this  home 
of  a  prehistoric  people,  the  United 
Fruit  Co.  has  recently  created  a  res- 
ervation of  72  acres,  thus  separating 
from  its  enormous  banana  planta- 
tions a  ruin  the  very  existence  of 
which  remained  unknown  until  1840. 
In  that  year  John  L.  Stephens,  bear- 
ing special  messages  from  the  U.  S. 
government  to  that  of  Guatemala, 
heard  of  the  old  city  and  sent  his 
companion,  F.  Catherwood,  to  view 
the  site.  Mr.  Catherwood's  sketches, 
accompanying  Mr.  Stephenson's  de- 
scriptions, introduced  the  Quirigua 
ruins  to  students  of  archaeology. 

Forty-one  years  later,  A.  F.  Maud- 
slay,  an  English  traveler,  visited  the 
ancient  city.  He  secured  hurried 
notes  and  photographs  but  returned 
for  more  detailed  observations  the 
two  next  years  and  again  in  1894. 
While  continuing  his  investigations 
of  1883  and  1894,  Mr.  Maudslay 
secured  paper  squeezes  and  plaster 
piece-models  of  several  of  the  huge, 
carved  stones  for  which  Quirigua  is 
so  justly  famous.  Subsequent  Amer- 
ican expeditions  added  to  Maudslay's 
list  of  models,  notes  and  measure- 
ments, but  a  systematic  study  of  the 
Quirigua  ruins  had  not  been  attempt- 
ed, I  believe,  until  Dr.  Edgar  L. 
Hewett,  Director  of  the  School  of 
American  Archaeology,  began  a  se- 
ries of  excavations  in  Jan.,  1910. 
With  one  exception,  these  excavations 
have  been  continued  annually  since 
that  date,  and,  in  the  expedition  of 
last  winter,  the  most  recent  of  the 
series,  I  was  a  chance  associate,  hav- 
ing in  charge  that  phase  of  the  work 
which  these  paragraphs  consider. 

As  a  former  religious  center  of  the 
Maya  Indians,  the  old  city  of  Quir- 
igua consisted  of  a  principal  temple 
area,  a  large  ceremonial  court,  or 
plaza,  and  a  number  of  associated 
temples  and  pyramids.  The  dwell- 
ings of  its  devotees  were,  supposedly 
mere  palm  shelters  scattered  through 


^National   Museum,   Washington   D.  C. 
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the    forest-covered    valley    for    some 
distance  beyond  the  priests'  houses. 

Mother  Nature  and  all  the  little  el- 
ements at  her  command  have  been 
working  for  generations  in  their  at- 
tempt to  erase  evidence  of  man's 
invasion  of  the  Quirigua  jungle. 
Dripping  water  and  swaying  branch- 
es have  cut  and  grooved  the  monu- 
ment surfaces ;  earthquakes  and 
growing  plants  have  split  and  broken 
tlie  heavy  stones,  thus  destroj'ing,  to 
a  greater  or  less  extent,  the  lines  and 
carvings  with  which  they  were  all 
decorated.  When  Maudslay  first 
visited  Quirigua,  in  1881,  the  ruins 
were  almost  hidden  in  the  dense 
forest;  the  sculptured  stones  were 
overgrown  with  a  mat  of  vines  and 
moss  in  which  even  large  trees  had 
taken  root.  This  growth  Avas  re- 
moved at  that  time  for  photographic 
purposes,  but,  owing  to  the  tropical 
environments,  the  cleaning  had  to 
be  repeated  when  the  School  of 
American  Archaeology  began  its 
work  and  again  when  the  recent  ex- 
pedition began  operations  in  Jan., 
1914.  The  possibility  of  irreparable 
damage  has  rather  hastened  a  reali- 
zation of  the  necessity  as  well  as  de- 
sirability of  reproducing  these  sculp- 
tures. 

The  stone  monuments  at  Quirigua 
are  of  two  types:  tall  stelae  or  shafts, 
with  human  figures  carved  on  both 
faces  and  hieroglyphic  tables  on  the 
sides,  and  low,  zoomorphic  stones 
bearing  similar  inscriptions  along  the 
sides  or  front  of  the  animal  forms. 
Each  stone  was  originally  erected  at 
the  end  of  a  Hotun  or  five-year  pe- 
riod and  its  hieroglyphic  inscrip- 
tions undoubtedly  commemorated  the 
important  community  events  during 
that  interval  previous  to  the  one  in 
which  the  stone  was  raised.  From 
an  archaelogical  point  of  view,  these 
monuments  are  valuable  not  only  as 
examples  of  prehistoric  Araericaii 
sculpture  but  also  as  records  whose 
text  may  some  day  be  intelligible  to 
us  and  aid  materially  in  broadening 
our  meagre  knowledge  of  the  people 
who  conceived  them. 

Each  monument  was  cut  from  a 
.solid  block  of  scoriaceous  sandstone, 
that  is,  the  stone  consists  mostly  of 
volcanic  scoria  but  also  contains  quan- 
tities of  sand  and  coarse  gravel.  The 
action  of  the  elements  has  loosened 
many  exposed  pebbles  from  their  sil- 
ica cement,  thus  adding  small  pit- 
tings  to  the  already  rough,  granular 
surface  and  increasing  the  difficul- 
ties of  mold-making  by  resisting  all 
efforts  to  force  an  inflexible  sub- 
stance into  perfect  contact  with  the 
surface  of  the  stone  and  by  tena- 
ciously gripping  that  substance,  once 
it  had  been  properly  driven  into  po- 
sition.    For  such  a  superfiicial  tex- 
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ture,  glue  proved  the  ideal  agent, 
since  the  material  of  the  molds  was 
placed  in  a  liquid  condition  and  its 
natural  elasticity,  when  hardened, 
permitted  great  distortion  in  re- 
moval. 

Our  process  of  mold-making  was 
very  simple.  We  began  by  building 
a  light,  plaster  foundation  around 
the  base  of  the  monument.  This  not 
only  prevented  the  escape  of  the 
melted  glue  but  also  supported  the 
superimposed  forms  which  served  as 
retaining  walls  for  the  glue  molds. 
Above  the  foundation,  a  given  sec- 
tion of  the  stone  was  covered  with  a 
layer  of  common  clay  mud,  approxi- 
mately \"  thick.  Over  this  a  care- 
fully jointed  plaster  form  was  built, 
of  such  dimensions  as  the  breadth  of 
the  monument  and  the  depth  of  its 
carving  required.  On  the  larger 
stones,  the  size  of  the  forms  was  of- 
ten limited  by  our  ability  to  handle 
them — lacking  mechanical  means  of 
moving  heavy  masses,  we  seldom 
made  forms  in  excess  of  15  sq.  ft. 

On  the  construction  of  these  forms, 
wooden  braces  were  built  into  them 
and  anchored  with  ties  of  fibre.  Such 
supports  increased  the  strength  of 
the  forms  and,  in  addition,  their  ex- 
tended ends  proved  a  convenience  in 
handling.  Each  form  was  completed, 
allowed  to  set,  and  its  edges  trimmed 
before  an  adjoining  form  was  begun. 
Upon  the  completion  of  the  four 
forms  composing  each  section,  all 
joints  were  secured  with  temporary 
ties  of  hemp  and  the  working  plat- 
forms raised  for  a  second  series. 

In  this  manner  the  whole  surface 
of  the  monument  was  covered  and 
then,  beginning  with  the  topmost 
form,  we  began  the  real  process  of 
mold-making.  One  complete,  hori- 
zontal section  was  lowered  each  day, 
the  subjacent  layer  of  clay  thrown 
aside,  and  the  exposed  stone  surface 
thorouglily  scrubbed,  to  remove  what 
mud  and  lichenous  growth  still  ad- 
hered. While  the  stone  was  drying, 
all  iregularities  on  the  inside  of  the 
four  forms  were  scraped  off  and  the 
surfaces  painted  with  a  thick  coat 
of  clay-water,  as  an  aid  in  sei^arat- 
ing   form   and   glue  mold. 

At  the  same  time,  glue  tubs  were 
placed  over  hot-water  baths  and  their 
contents  made  ready  for  the  daily 
pouring.  That  section  of  the  monu- 
ment to  be  reproduced  and  the  inside 
surfaces  of  the  waiting  forms  were 
thoroughly  oiled  with  a  composition 
composed  of  stearin,  kerosene,  and 
vaseline;  the  forms  were  raised  to 
their  originaj  position  and  all  joints 
were  tied  and  covered  with  plaster 
and  hemp.  In  their  "original  po- 
sition", the  forms  were  separated 
from  the  monument  by  an  interstice 
equal  to  the  thickness  of  the  layer 


of  clay  over  which  they  had  been 
built.  That  space  which  the  clay  had 
occupied  was  later  filled  with  melted 
glue.  The  thickness  of  the  resulting 
glue  molds,  therefore,  depended  upon 
the  thickness  of  the  layer  of  clay 
they  replaced.  A  section  of  the  plas- 
ter form  supported  the  back  of  each  • 
mold  the  face  of  which  reproduced, 
in  intaglio,  the  lines  and  carvings  of 
the  monument.  From  this  counter- 
sunk, glue  impression  the  cast  was 
later  taken. 

Those  receptacles  in  which  the 
glue  was  melted  were  ordinary,  gal- 
vanized iron  wash  tubs,  secured  from 
the  United  Fruit  Co.  stores.  Twa 
sizes  were  employed,  one  containing 
the  glue  and  a  larger  one  in  which 
the  first  tub  might  be  placed,  the 
two  separated  by  three  or  four  small 
stones  and  a  quantity  of  boiling 
water.  The  larger  vessel  rested  upon 
metal  rods  or  pointed  stones,  leaving 
space  for  a  fire  underneath;  the  wat- 
er it  contained  was  kept  at  boiling 
heat  until  the  glue  had  thoroughly 
melted,  after  which  it  was  ready  for 
the  forms. 

Pouring  the  glue  was  a  simple  mat- 
ter and  required  only  a  number  of 
pails  and  men  to  pass  them.  Since 
the  normal  glue  mold  shrunk  consid- 
erably in  solidifying,  we  increased 
the  width  of  the  forms  by  adding  a 
low  rim  of  plaster  to  the  top  of  each 
section  and,  by  filling  this  enlarged 
form  with  glue,  secured  a  slight  over- 
lapping of  the  glue  molds.  This  en- 
abled us  to  trim  them  flush  with  the 
original  edge  of  their  plaster  forms 
and  assured  perfect  joints  when  the 
casts  should  be  finally  assembled. 
Through  those  forms  that  inclined 
from  the  perpendicular,  airholes  were 
drilled  and  later  closed  with  clay  as 
the  liquid  glue,  rising  in  the  mold- 
space,  began  to  flow  from  them.  Im- 
provised funnels  were  sometimes 
out  of  the  glue  molds  and  also  coun- 
used  in  filling  the  glue-space,  the 
weight  of  the  liquid  remaining  in  the 
funnel  forcing  possible  air-bubbles 
out  of  the  glue  molds  and  also  coun- 
teracting the  effect  of  shrinkage 
along  the  upper  edge  of  the  mold. 

(ilue  molds  must  be  thoroughly 
cooled  and  hardened  before  plaster 
casts  may  be  taken  from  them.  Bet- 
ter to  obtain  this  condition,  our  molds 
were  usually  poured  at  sundown  and 
left  undisturbed  until  daylight. 
Then,  as  quickly  as  possible,  the 
forms  were  lowered  and  the  glue 
molds  prepared  for  casting.  Great 
care  was  taken  to  protect  these  molds 
from  even  the  early  morning  sun 
since  only  a  few  moments'  exposure, 
served  to  soften  and  melt  down  the 
impression. 

The   surfaces    of   the    glue   molds 
were  first  dusted  with  French  chalk 
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YiQ,  1-6 Makixg  Plaster  Shells  or  Forms  and  Glue  Molds  from  Axciext  Moxumexts,  Uxder  Tropical  Coxditioxs.  Photo- 
graphs BY  Neil  M.  Judd 

Fjg,  1 Building  plaster  form  or  shell  around  one  of  the  tall  monuments  and  using  empty  plaster  barrels  in  building  up  the 

staging.    Covering  of  canvas  for  protection  from  tropical  heat 

Pi„  <2 The  Great  Turtle.  It  reguired  three  months'  work  in  the  previous  expedition  of  Maudslay  to  make  a  plaster  piece- 
mold  in  600  pieces.     The  present  expedition  produced  glue  molds  and  re-cast  the  manument  in  11  pieces  in  15  das. 

Fig.  3— Plaster  cast  of  a  death's  head  from  one  of  the  tall   monuments 

Pig    4 The  first  series  of  plaster  forms,  built  up  over  a  mud  covering  applied  on  the  monument,  reaches  to  the  workman's 

foot,  the  second  series  to  his  waist;  the  top  is  in  two  pieces.  Note  saplings  used  to  reinforce  plaster.  This  is  the  work  on  the 
Great  Turtle 

Fig.  5-^ast  from  upper  righthand  corner  of  Great  Turtle  as  seen  in  Fig.  2 

Fig.  6 The  edges  of  each  section  of  the  plaster  shell  were  carefully    trimmed    before    adjoining    section    was    begun.      This 

assured  perfect  joints 
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to  remove  any  adhering  grease.  Af- 
ter this  a  saturated  alum  solution  was 
carefully  brushed  into  every  pore 
of  the  mold  surface.  On  an  average, 
1  hr.  passed  before  this  solution  had 
completely  evaporated  but  it  always 
left  a  thin  coating  of  alum  that  hard- 
ened the  glue  surface  and  protected 
it  materially  from  the  heat  genrated 
by  the  setting  of  the  plaster  com- 
posing the  casts.  This  alum-hard- 
ened surface  was  painted  with  a  thin 
stearine-kerosene  oil  previous  to 
casting. 

Our  casts  were  made  in  the  usual 
manner,  that  is,  the  face  of  each  glue 
mold  was  covered  with  liquid  plaster 
and  this  was  added  to  until  a  desired 
thickness  had  been  obtained.  Dur- 
ing the  construction  of  the  casts 
each  was  carefully  reinforced  with 
wooden  braces  and  hemp  fibre  to  pre- 
vent wearing  and  breaking. 

Each  horizontal  section  of  the  re- 
productions of  the  stelae  or  upright 
monuments  was  composed  of  four 
parts,  one  for  each  side  of  the  stone. 
These  four  parts,  with  their  glue 
molds  and  supporting  plaster  forms, 
were  usually  bound  together  and 
braced  from  the  inside  before  being 
separated  from  the  glue  molds.  Since 
all  plaster  forms  were  constructed 
in  conformation  to  the  outline  of  the 
monument  they  reproduced,  their 
corner  joints  were  known  to  be  ex- 
act; therefore,  by  carefully  joining 
these  forms  and,  while  so  joined, 
uniting  the  four  parts  of  the  cast 
they  supported,  the  angles  of  the  re- 
production became  as  accurate  as 
those  of  the  original.  Any  other 
method  should  have  required  numer- 
ous measurements  and  much  care  in 
using  them.  Uniting  the  casts  as  we 
did  necessitated  uniform  setting  of 
the  plaster  on  the  four  glue  molds 
and  a  reasonable  amount  of  speed  in 
joining  the  casts.  Even  with  our 
alum  solution,  the  heat  of  the  setting 
plaster  soon  melted  the  glue  molds. 
Each  morning,  as  soon  as  the  cast 
had  been  completed,  attention  was  di- 
rected to  preparations  for  the  mold 
that  was  to  follow.  The  forms  were 
lowered  from  the  next  section  on  the 
monument  and  the  stone  prepared  as 
indicated  in  preceding  paragraphs. 
The  glue  molds  just  used  were  cut 
into  small  pieces  and  spread  for 
drying;  tlie  forms  were  destroyed 
and  carted  into  the  jungle.  It  is 
interesting  to  note  that  melted  glue, 
left  in  pails  or  tubs,  would  neither 
cool  nor  solidify  but  deteriorated 
within  a  few  hours.  Also,  if  the 
drying  fragments  of  the  discarded 
glue  mold  were  carelessly  spread  and 
a  free  circulation  of  air  prevented, 
they  invariably  sweated  and  soured, 
rendering  them  unfit  for  further  use. 
Our   party   entered   tlic    field   with 


no  experience  and  but  little  knowl- 
edge of  the  use  of  glue  molds.  Dur- 
ing such  preliminary  experiments  as 
we  could  conduct  while  awaiting  the 
arrival  of  our  materials,  we  learned 
that,  in  the  tropics,  glue  or  gelatin 
molds  require  more  careful  prepara- 
tion than  in  the  States.  Our  first 
pourings  were  too  thin  and  resulted 
in  soft,  rather  sticky  molds.  It  was 
soon  apparent  that  mere  dampening 
of  the  dry  glue  flakes  gave  a  thicker, 
heavier  pouring  and  a  more  satisfac- 
tory mold  than  was  possible  with  well 
soaked  gelatin.  The  impossibility 
of  obtaining  cool  water  for  casting 
also  brought  its  difficulties — speedy 
work  was  our  only  means  of  overcom- 
ing the  resulting  inconveniences.  An- 
other vexing  problem  was  met  with 
in  the  drying  shed,  where  minute 
worms  developed  a  habit  of  exploring 
the  interior  of  our  plaster  casts.  De- 
natured alcohol,  applied  to  the  plas- 
ter, semingly  increased  their  prodi- 
gious appetites  for  they  continued 
to  honey-comb  the  casts  unless  each 
reproduction  was  frequently  exposed 
to  the  direct  rays  of  the  burning 
sun. 

The  climate  was,  of  course,  the 
greatest  handicap  under  which  the 
expedition  labored.  We  reached 
Qurigua  at  the  begining  of  the  dry 
season,  a  QO-da.  period  during  which 
the  rains  are  more  irregular  and  of 
shorter  duration  than  usual.  Tem- 
peratures were  distinctly  tropical,  a 
fact  that  only  increased  our  troubles. 
Under  such  conditions,  not  only  the 
nature  of  our  medium  but  personal 
comfort  as  well,  required  a  tempo- 
rary shelter  over  the  monument  being 
cast.  Accordingly,  canvas  tarpaul- 
ins were  drawn  over  poles  that  reach- 
ed above  the  stones,  drop  curtains 
being  utilized  when  driving  rain- 
storms or  the  afternoon  sun  threat- 
ened the  exposed  parts  of  the  monu- 
ment. 

Through  Feb.,  Mar.  and  Apr.,  the 
three  months  in  which  records  are 
available,  the  average  daily,  temper- 
ature, as  observed  on  the  shaded  ve- 
randa of  the  nearest  United  Fruit 
Co.  farmhouse,  was  Q>6°  at  6  a.  m. ; 
88°  at  12  noon;  and  76°  at  6  p.  m. 
In  the  small,  open  space  where  our 
work  of  reproduction  was  pursued, 
the  temperature  was  obviously  high- 
er and  more  nearly  unbearable.  The 
direct  rays  of  the  sun  were  unmerci- 
ful and  the  150-ft.  wall  of  surround- 
ing jungle  successfully  turned  what 
occasional  breezes  would  otherwise 
have  freshened  tlie  plaza.  A  per- 
sistent, high  liumidity,  added  to  this 
heat,  was  certainly  a  sufficient  test  as 
to  the  practicability  of  glue  molds  in 
the  torrid  zone. 

For  shipment,  all  casts  were  pack- 
ed in  wooden  crates  and  protected  by 


dried  banana  leaves.  The  fact  that 
they  survived  the  rough  handling  of 
Central  American  ports  and  reaced 
New  Orleans  with  very  little  break- 
age was  owing  to  careful  and  gener- 
ous reinforcement  of  the  casts  rather 
than  to  abundant  packing. 

Our  work  was  continued  over  a 
period  of  4  mos.,  during  which  time 
casts  were  made  of  six  colossal  mon- 
uments. Each  of  these  reproductions 
is  an  exact  duplicate  of  its  original 
and  exhibits  not  only  every  line  and 
carving  of  the  primitive  sculpture 
but  the  very  texture  of  the  stone  it- 
self. Compared  with  the  results  ob- 
tained by  other  processes,  the  casts 
from  our  glue  molds  are  so  vastly 
superior  as  to  beggar  description. 
The  completed  reproductions  are  to 
be  installed  at  San  Diego,  Cal.,  for 
the  coming  Panama-California  Ex- 
position and  later  removed  to  the 
halls  of  the  School  of  American  Arch- 
aeology at  Santa  Fe,  N.  M.,  where 
duplicates   will   be  cast  of  concrete. 


In  a  recent  issue  of  a  cement  pub- 
lication the  heading  appears  "Fire 
Destroys  Everything  But  Concrete." 
This  headline  is  a  familiar  one  and 
might  be  used  to  describe  the  results 
of  almost  any  conflagration  that  takes 
place  in  any  part  of  the  country.  In 
the  case  especially  referred  to  here, 
a  large  barn  was  burned  down,  im- 
periling the  lives  of  60  head  of  cat- 
tle and  causing  great  losses  of  crops 
and  farm  machinery.  All  that  was 
left  were  the  concrete  barn  founda- 
tion and  a  concrete  silo.  Many  a  ser- 
mon of  interest  to  farmers  could  be 
preached  upon  this  text  and  when 
there  is  left  after  a  disastrous  con- 
flagration nothing  but  the  concrete 
foundations  of  the  building  an  elo- 
quent lesson  is  given  of  the  impor- 
tance of  constructing  everything 
about  the  farm  in  concrete,  "for  per- 
manence." 


Concrete  aggregates  should  be  pro- 
tected from  intense  heat  in  summer, 
and  from  freezing  weather  in  win- 
ter. If  the  materials  have  been  sub- 
jected to  the  heat  of  the  sun,  they 
are  liable  to  cause  trouble  in  the 
mixer  by  tending  to  cake  the  cement. 
When  there  are  indications  that  the 
aggregates  have  been  frozen  means 
should  always  be  taken  to  thaw  them 
out,  either  by  forming  a  liollow  in 
the  material  and  building  a  fire  there- 
in, or  by  putting  the  material  in  a 
sheet  metal  pan  under  which  a  fire 
is  lighted.  Usually  these  simple 
methods  are  sufficient,  although  more 
elaborate  ones  might  be  employed. 

March,  1915 


Information  and  Consultation  :    The 

How-to-Do-ItDepartment  □  □  a 

This  magazine  is  for  service.     Let  it  serve  you,  and  you  help  it  to  serve. 
You  want  special  information.     Ask  us.      We  know  the  men  who  know. 


Temperature  Measurements   in    Con- 
crete Buildings  n  n  n 

Discussed  By 
W.  A.  Slater/  J.  W.  Howard/  H.  C.  Berry^  and  D.  A.  Abrams^ 


"I  intend  taking  temperature 
measuresments  in  a  concrete  building 
from  one  end  column  to  the  other  on 
each  floor  and  on  the  ceiling  over 
the  top  floor.  The  distance  will  be 
about  350'. 

1.  "What  kind  of  plugs  or  base 
marks  rvould  be  best  to  use  in  order 
to  keep  the  same  marks  during  the 
period  of  testing? 

2.  "Could  you  suggest  a  simple 
way  to  arrange  these  points? 

"I  also  intend  measuring  cracks  at 
each  end  of  the  building  in  the  brick 
walls  and  to  note  the  changes  taking 
place  from  time  to  time. 

3.  "Could  you  suggest  any  way 
to  retain  the  marks  or  to  make  such 
measurements?" 


By  Mr.  Slater 

For  measing  the  expansion  of  the 
concrete  floor  in  a  building  350' 
long,  the  use  of  an  invar  steel  tape 
measuring  between  marks  scratched 
or  cut  on  metal  plugs  set  into  the 
concrete  at  certain  intervals  seems  to 
the  writer  to  be  the  best  method 
available.  If  measurements  are  to 
be  taken  at  small  differences  in  tem- 
perature and  to  several  intermediate 
points  in  the  floor,  great  care  will 
need  to  be  used  in  order  to  prevent 
the  errors  of  measurement  from  be- 
coming larger  than  the  expansion  or 
contraction.     Due  to  a  diff'erence  in 
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coefficient  of   expansion    in    various 
lots   of   invar   steel,   it   is    important 
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Fig.    1 — Sketch     Showing     ^Method     of 
Setting  Plugs  in  Concrete 


that  the  constancy  of  the  length  of 
the  tape  be  checked.  Precaution 
should  be  taken  also  to  have  pull  on 
the  tape  the  same  at  all  times  when 
in  use.  The  importance  of  such  care 
is  apparent  when  it  is  recognized 
that  for  each  10°  F.  variation  in  tem- 
perature the  change  in  length  of  con- 
crete per  100  ft.  is  not  more  than 
about  .07  in.  If  change  of  length 
for  an  extreme  range  of  temperature 
of  perhaps  100°  F.  over  the  entire 
350-ft.  length  of  building  be  desired, 
the  entire  change  will  be  enough 
larger  so  that  the  difficulties  in  the 
way  of  obtaining  sufficient  results 
will  not  be  so  great. 

For  setting  the  plugs  in  the  con- 
crete, the  method  described  below, 
and  shown  in  Fig.  1,  has  been  very 
satisfactorily  used  by  the  writer  for 
strain  gauge  measurements.  Cut  1- 
in.  hole  \"  deep  with  1-in.  star  drill. 
Continue  l/V'  deeper  with  ^-in.  star 
drill.  Drive  steel  plug  y-2"  in.  diam. 
1^"  long  into  l/4-in.  hole  and  fill 
around  it  in  upper  portion  of  hole 
with  plaster  of  paris.  Scratch  cross 
as  shown.  Be  careful  to  set  plug  at 
such  position  as  will  not  be  traversed 
by  a  crack;  otherwise  plug  may  be 
loosened. 

Engineering  News,  ^Nlar.  19,  1914, 
describes     measurements     made     by 


Fig.  2 — Ames  Gauge  Micrometer 
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Prof.  Howard  of  Mass.  Inst,  of 
Technology  similar  to  those  which 
the  writer  has  in  mind,  and  there  may 
be  reasons  why  the  setting  of  plugs 
in  lead  expansion  shields  as  de- 
scribed in  this  article  Avould  be  ad- 
vantageous. 

^Measurements  may  well  be  taken 
to  some  intermediate  columns  as  well 
as  from  end  column  to  end  column. 

The  amount  of  opening  and  clos- 
ing of  a  crack  may  be  measured  by 
means  of  a  strain  gauge  of  one  of 
the  types  described  in  a  paper  "The 
Use  of  the  Strain  Gauge  in  the  Test- 
ing of  Materials"  given  in  the  1913 
Proceedings  of  the  Am.  Soc.  for 
Test.  Mat.  For  this  purpose  an  instru- 
ment with  a  relatively  large  range  of 
movement  is  likely  to  be  important 
and  the  Howard  strain  gauge  is  well 
adapted  for  this  purpose.  A  less  ex- 
pensive instrument  having  as  great 
accuracy  as  is  needed  in  this  work, 
may  be  made  up  from  an  Ames 
gauge  micrometer  as  shown  in  the 
accompanying  sketch,  Fig.  2. 

The  steel  plugs  required  in  con- 
nection with  the  strain  gauge  may  be 
placed  as  described  for  use  with  a 
steel  tape,  but  instead  of  marking 
the  plugs  with  crosses  scratched 
thereon,  gauge  holes  should  be  drill- 
ed, using  preferably  a  drill  of  about 
No.  54-gauge.  The  method  of  using 
the  strain  gauge  is  described  in  the 
article  cited. 

For  large  amounts  of  openings 
and  closing  of  a  crack,  the  measure- 
ment of  the  width  of  crack  by 
means  of  a  boxwood  scale  may  be 
all  that  is  necessary.  The  strain 
gauge  will  be  of  value  only  in  cases 
in  which  considerable  precision  of 
measurement  is  important. 

By  Mr.  Howard 

In  tlie  measurements  I  made  for 
the  Aberthaw  Construction  Co.  on  a 
building  in  Boston,  the  plugs  or  base 
marks  we  used  were  expansion  bolts 
set  in  the  concrete  to  a  depth  of 
about  ll^'^  These  were  found  to 
be  very  satisfactory.  The  tops  of 
these  bolts  were  set  flush  with  the 
surface  into  which  they  were  placed. 
On  the  head  of  the  bolt  we  made  a 
file  scratch  to  mark  definitely  the 
point  of  measurement. 

In  arranging  these  plugs  I  would 
suggest  that  if  measurements  are  to 
be  taken  from  one  end  column  to 
the  other  at  each  floor  the  plugs  set 
in  the  end  columns  be  placed  in  a 
vertical  plane  by  using  an  engineer's 
transit. 

Relative  to  the  measuring  of 
cracks  at  the  ends  of  the  building  I 
would  suggest  that  expansion  bolts 
be  used  and  arranged  as  shown  in 
Fig.  3,  also  that  the  point  of  meas- 
urement be  a  prick-punch  mark  in- 
stead of  a  file  scratch, 
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Fig.  3 — Sketch  Showixg   Arbaxgexext 
OF  Expansion  Bolts 

A  and  JB  to  be  at  same   elevation. 

C  and  D  to  be  at  same  elevation. 

A  and  C  to  be  in  same  vertical 
plane. 

T)  and  E  to  be  in  same  vertical 
plane. 

Measurements  to  be  taken  shown 
by  dash  lines.  Plugs  arranged  in 
this  manner  would  give  the  direction 
in  which  the  crack  was  taking  place. 

The  measurements  I  made  for  the 
Aberthaw  Construction  Co.  were 
made  at  the  base  and  the  top  of  the 
building.  The  end  points  were 
marked  by  expansion  bolts.  Expan- 
sion bolts  w'ere  also  set  at  the  center 
and  the  quarter  points  both  in  the 
base  and  at  the  top.  The  top  points 
were  vertically  over  those  in  the  base 
when  the  first  measurements  were 
made.  When  the  second  measure- 
ments were  made  these  points  were 
again  tested  to  see  whether  or  not 
they  were  still  in  the  same  vertical 
plane.  In  most  cases  they  were 
found  not  to  be  and  the  difference 
showed  the  amount  of  movement  and 
direction  of  movement  of  the  build- 
ing. Level  readings  were  also  taken 
on  the  base  plugs  to  determine 
whether  or  not  any  settlement  had 
taken  place. 

Bv  Prof.  Berry 

We  use  a  piece  of  %-in.  round  rod 
about  2"  long  driven  into  a  hole 
made  with  a  Rapid  Fire  stone  drill.* 
With  this  drill  a  hole  \"  deep  may 
be  made  in  concrete  in  about  1  min. 
The  %-in.  rod  drives  in  tight.  Into 
this  rod  we  drill  a  small  hole  about 
^xq"  and  ream  it  slightly.  Into  this 
we  set  the  ends  of  the  Berry  strain 
gauge.  This  instrument  is  regularl}-^ 
made  for  lengths  up  to  20". 

I  think  the  above  answers  the 
method  of  arranging  the  points. 
These  points  could  be  made  about 
8"  apart,  and  so  as  to  include  one  of 
the  cracks  mentioned.  The  readings 
on  such  points  would  indicate  the 
changes  in  the  opening  in  the  crack 
in  the  main. 

I  think  my  method  would  retain 
the  marks  indefinitely.  As  to  mak- 
ing suggestions  for  making  the 
measurements:  I  am  not  clear  as  to 


what  the  inquirer  wishes  to  do.  If 
he  expects  to  get  the  expansion  of  the 
building  as  a  whole  he  should  pre- 
ferably make  the  readings  with  a 
tape  on  the  whole  length,  350'.  But 
I  think  he  will  find  that  in  that 
length  there  are  a  number  of  varia- 
tions in  the  expansion,  that  some  of 
it  may  be  taken  up  in  altering  the 
alignment  of  the  side  of  the  build- 
ing, in  closing  cracks,  etc.,  so  I  would 
expect  that  he  would  find  a  good 
deal  more  out  about  expansion  if  he 
would  make  the  readings  on  a  length 
not  greater  than  10'  and  then  read 
from  10'  to  10'  so  as  to  observe  the 
change  in  as  great  as  distance  as 
time  will  permit.  He  will  thus  learn 
something  of  the  local  changes.  This 
could  be  done  with  a  modification  of 
the  strain  gauge  giving  the  readings 
in  10- ft.  lengths  to  the  nearest 
0.0001  in. 

By  Prof.  Abrams 

In  previous  work  of  this  kind  I 
have  found  that  the  plugs  which  are 
most  satisfactory  are  made  of  l/2-in. 
round  steel  bar  cut  in  lengths  of 
about  1".  These  plugs  should  be 
set  about  flush  with  the  surface,  or 
slightly  below  the  surface,  in  a  hole 
about  %6''  ii^  diameter.  The  space 
around  the  plug  may  be  filled  with 
cement,  but  my  own  experience  indi- 
cates that  best  results  are  obtained 
by  using  molten  lead  for  this  pur- 
pose. Of  course,  lead  cannot  be 
used  in  cases  where  the  plugs  are 
set  in  the  ceiling  or  in  a  horizontal 
position. 

It  would  seem  impracticable  to  at- 
tempt to  give  any  suggestions  as  to 
the  best  method  of  arranging  these 
points,  without  knowing  more  of  the 
layout  of  the  building  and  the  space 
which  will  be  available  for  this  work. 
The  amount  of  labor  involved  in 
making  these  measurements  will  be 
greatly  reduced  by  using  as  long  a 
gauge  length  as  possible.  In  some 
experiments  on  a  railroad  bridge. 
Prof.  H.  F.  Moore,  of  the  Univ.  of 
111.,  used  a  gauge  length  of  about  5'. 
For  this  purpose  a  strain  gauge  of 
the  Berry  type"  was  dismantled  and 
a  long  wooden  bar  inserted  in  such 
a  way  as  to  give  the  gauge  length 
required.  This  seems  to  be  about  the 
most  feasible  metliod  for  making  the 
measurements  wliich  are  necessary  in 
studying  the  effect  of  temperatures 
on  large  reinforced  concrete  build- 
ings. For  indoor  work  or  unexposed 
places,  a  wood  bar  would  probably 
give  as  little  trouble  as  a  metal  bar, 
unless  invar  steel  could  be  obtained 
for  this  purpose. 

I  believe  that  by  using  metal  plugs 
in  tlie  way  I  have  indicated,  and  leav- 
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ing  them  in  place,  no  trouble  would 
be  experienced  in  retaining  tlie  gauge 
points  for  an  indifinite  time. 

A  full  discussion  of  the  instru- 
ments used  in  work  of  this  kind,  and 
the  details  of  preparing  the  gauge 
points  making  the  observations  and 
reducing  the  data,  will  be  found  in 
the  following  papers: 


The  Use  of  the  Strain  Gauge  in 
Testing  Materials,  by  W.  A.  Sla- 
ter and  H.  F.  Moore,  Proceedings 
of  Am.  Soc.  for  Test.  Mat,  1913, 
p.  1019. 

Tests  of  Concrete  Building  Under 
Load,  by  A.  N.  Talbot  and  W.  A. 
Slater,  Bulletin  No.  64,  Univ.  of 
111.,  Eng.  Exper.  Sta. 


T^he   Dry   Mixing  of  Concrete  in  a 
Batch  Mixer  Before  Adding  Water 

DiscussKD  By  Rolf  R.  Newman/  Robert  F.  Havlik'  and  O.  A.  Crigler^ 


"Is  concrete  any  better  when  the 
materials  are  turned  in  the  batch 
mixer  a  few  revolutions  dry  before 
the  rvater  is  added  than  it  is  when 
made  in  the  same  mixer  when  the 
water  is  put  in  either  first  or  with 
the  materials?" 


By  Mr.  Newman 

There  is  no  more  important  part 
of  a  concrete  mixing  specification 
than  that  referring  to  the  dry  mixing 
of  the  batch — whether  mixed  by  hand 
or  by  machine.  It  is  somewhat  more 
important  that  a  hand-mixed  batch 
have  plenty  of  dry  mixing,  but  ma- 
chine mixing  by  no  means  obviates 
this  necessity. 

One  or  two  turns  of  the  mixer 
will  usually  give  the  desired  dry  mix- 
ing and  where  the  water  is  poured  in 
by  the  pailful  after  the  rock,  sand 
and  cement  have  been  put  in — an 
interval  of  at  least  two  turns  of  the 
mixer  will  occur  while  the  man  in 
charge  (for  there  is  usually  only  one 
man  on  this  job)  is  laying  away  his 
empty  cement  sack  and  picking  up 
his  pail  ready  for  this  next  step  in 
the  process.  If  the  water  is  sup- 
plied by  tank  or  there  is  a  second 
man  on  the  platform  ready  to  pour 
in  the  water  it  is  necessary  to  require 
a  slight  pause  in  the  procedure  suf- 
ficient for  dry  mixing  but  this  will 
generally  occur  through  the  mechan- 
ical necessities  of  the  case. 

By  Mr.  Havlik 

We  first  pour  the  water  into  the 
drum  and  then  dump  the  gravel,  sand 
and  cement  into  the  mixer  with  the 
power  loader.  We  find  that  this  pro- 
cedure prevents  caking  of  the  con- 
crete and  keeps  the  mixer  clean  and 
in  my  opinion,  mixes  the  materials 
far  better  than  the  old  time-honored 
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method  of  mixing  the  materials  first 
and  then  adding  the  water. 

No  one  who  has  used  mixers  to 
any  extent  will  deny  that  in  the  old- 
time  method  the  cement  always  clog- 
ged up  the  blades  and  caked  around 
the  shell  of  the  mixer.  This  is  es- 
pecially true  with  the  drum  type  mix- 
er, and  it  was  our  experience  with 
this  type  of  mixer  that  influenced  us 
to  pour  the  water  in  ahead  of  the 
other  materials.  We  overcame  this 
trouble  and  to  our  surprise  we  found 
that  the  concrete  was  mixed  more 
quickly  and  apparently  better  than 
by  the  old-time  method. 

The  reason  for  the  mixer  being 
cleaner  becomes  at  once  apparent 
when  the  process  is  analyzed.  When 
you  dump  the  water  in  first  it  thor- 
oughly cleanses  the  inside  of  the  mix- 
er after  each  batch,  whereas  by  the 
old  process  the  dry  materials  come 
into  contact  with  the  wet  blades  and 
immediately  cake  on  these  parts  and 
the  mixer  is  never  thoroughly  cleaned 
until  at  the  end  of  the  day  or  at  the 
noon  hour,  so  in  th<i  new  method  the 
mixer  is  cleaned  thoroughly  after 
each  batch  is  mixed,  whereas  in  the 
old  method  it  was  cleaned  but  once 
or  twice  a  day.  What  worried  me 
most  was  that  I  had  not  thought  of 
it  years  ago. 

I  adopted  the  scheme  after  having 
seen  it  used  successfully  by  a  build- 
er of  concrete  silos,  who  is  forced 
to  use  a  somewhat  dry  mix  and  it  is 
the  dry  mixes  that  cause  the  most 
trouble. 

By  Mr.  Crigler 

It  is  a  well  known  fact  that  all 
architects  and  engineers  specify  mix- 
ing thoroughly  dry  before  adding  the 
water;  but  we  must  take  into  con- 
sideration that  two-thirds  of  our 
specifications  are  copied ;  several 
different  firms  sell  books  of  specifi- 
cations, therefore  they  in  the  ma- 
jority of  cases  follow  old  rules  and 


it  is   to   be   detfrmined    that  the   old 
rules  are  not  the  best. 

For  the  benefit  of  the  mixer  peo- 
])lc  I  will  say  that  it  is  better  for 
the  mixer  if  the  water  is  added  first, 
for  when  the  material  is  dumped  in 
and  water  added  later  the  finer  aggre- 
gate will  stick  to  the  wet  parts  of  the 
drum,  but  again  if  the  drum  is  thor- 
oughly clean  it  would  not  make  so 
much  diff"erence,  but  a  mixer  is  near- 
ly always  abused.  When  a  stop  is 
made  we  fail  to  give  the  mixer  a  lit- 
tle attention  and  water  and  we  drive 
it  8  hrs.  to  10  hrs.  and  then  expect 
it  to  clean  itself,  figuratively  speak- 
ing. 

In  the  late  fall  and  the  winter, 
when  the  days  are  exceedingly  short, 
the  mixer  man  is  generally  wet,  tired 
and  all  ready  to  quit  at  the  end  of 
the  day;  therefore  he  does  not  clean 
the  mixer  thoroughly.  This  is  my 
experience. 

Some  mixer  people  suggest  that  we 
turn  a  few  revolutions  dry,  but  this 
takes  time.  A  mixer  with  a  little 
water  in  it  will  more  quickly  mix  the 
mass  to  an  equality  according  to  the 
eye,  and  while  the  revolutions  are 
being  made  a  little  water  can  be  add- 
ed until  the  mass  has  a  right  con- 
sistency. I  would  add  here  that 
quite  often  when  having  the  mixing 
done  by  hand  I  have  dampened  the 
aggregate  with  a  little  water,  using 
sprinkler  or  hose  to  make  the  cement 
stick  on  windy  days  when  the  mate- 
rial is  extremely  dry.  This  saves 
time  and  cement.  To  determine  the 
real  facts  in  the  case,  tests  might  be 
made  using  both  mixture,  and  the 
concrete  specimens  subjected  to  the 
7-da.  and  28-da.  tensile  and  crushing 
tests.  I  would  say  right  here  that 
there  are  more  mixers  busy  to-day 
that  do  not  mix  dr}'  than  do — it  may 
be  that  we  are  too  eager  to  turn  out 
the  concrete  to  think  of  the  loss  in 
strength. 


Methods  for  Acid 
Washing'  0/  Concrete 
Products 


D 


D 


Discussed  By  J.  K.  Harridge' 

"In  the  treatment  of  concrete 
products  with  acid  for  the  removal 
of  the  surface  film  of  cement,  which 
practice  is  the  more  desirable  from 
the  standpoint  of  results  obtained 
and  also  from  the  standpoint  of  econ- 
omy:  The  total  immersion  of  the  face 
in  a  tank  containing  the  acid  solution, 
or  the  use  of  a  brush  dipped  in  the 
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solution  and  applied  on  the  face  of 
the  product?" 

By  Mr.  Harridge 

I  believe  the  most  practical  and 
generally  desirable  way  to  use  acid 
for  the  removal  of  the  cement  film 
from  aggregate  in  the  face  of  con- 
crete block  is  with  a  scrubbing  brush. 
The  block  are  set  with  the  face  up, 
the  acid  applied,  allowed  to  stand  a 
few  minutes  and  then  scrubbed  with 
stiff  fibre  or  wire  brush  until  the 
face  shows  the  desired  results.  As 
soon  as  possible,  the  acid  should  be 
washed  off  with  a  liberal  application 


of  clean  water.  In  some  cases  it  is 
necessary  to  make  several  applica- 
tions of  acid  before  the  face  shows 
as  well  as  desired. 

In  this  connection  I  might  add 
that  in  the  treatment  of  exposed  ag- 
gregate faces,  we  do  not  use  acid. 
If  the  block  are  handled  while  the 
faces  are  still  somewhat  green, 
scrubbing  with  a  fibre  brush  and 
water  not  only  gives  more  economi- 
cal results,  but  makes  it  possible  to 
get  a  much  larger  range  of  textures 
than  would  be  practical  with  the  acid 
treatment.  Acid  is  likely  to  cause 
stain  of  either  the  cement  or  the  ag- 
gregate if  it  is  not  handled  just  so. 


Concrete  Vats  and  Tanks         □  □ 

Discussed  By  Wm.  M.  Kinney' 


"Is  it  possible  to  construct  rein- 
forced concrete  vats  and  tanks  for 
buttermilk,  wine,  oil,  pickles,  sauer- 
kraut, etc.,  that  will  be  impervious, 
odorless,   tasteless  and  sanitary? 

"If  so,  how  should  the  inner  sur- 
face of  the  concrete  receptacles  be 
treated?  Would  you  recommend  the 
use  of  a  rvater-glass,  (sodium  sili- 
cate) solution?  If  so,  how  would  you 
apply  the  solution?" 


By  Mr.  Kinney 

Reinforced  concrete  vats  and  tanks 
for  buttermilk,  wine,  oil,  pickles  and 
sauerkraut  are  used  in  many  places 
and  are  entirely  satisfactory  if  sim- 
ple constructional  precautions  are 
taken. 

The  Institute  of  Industrial  Re- 
search in  Washington  conducted  for 
the  Assn.  of  Am.  Portland  Cement 
Mfrs.  a  series  of  tests  to  determine 
the  effect  of  commercial  solutions  on 
Portland  cement  concrete  tanks.  Nine 
different  materials  were  used  in  the 
experiments  and  the  results  are 
briefly  stated  in  the  following  sum- 
mary and  conclusions: 

"It  will  be  noted,  as  the  result  of  these 
tests  up  to  the  present  time,  that  the  fol- 
lowing materials  have  been  successfully 
stored  in  concrete  tanks:  Menhaden  oil, 
lard  oil,  tanninp  solution,  caustic  soda 
solution  4%,  and  sauerkraut.  The  fol- 
lowing materials  have  shown  superficial 
disintegration  of  the  concrete  with  con- 
siderable modification  of  the  material  it- 
self:    Sulphite  liquor  and  cider  vinegar." 

Sauerkraut.  The  report  further 
recommends  that  it  is  safe  to  store 
sauerkraut  in  properly  prepared 
tanks  and  that  plain  concrete  is  as 
good  as  concrete  specially  treated,  or 
even  better. 


>Enffr.  in  Che.,  Inf.  Bur.,  Universal  Portland 
Cement  Co.,  Chicago 

[158] 


The  Fremont  Kraut  Co.,  Fremont, 
Ohio,  has  about  30  concrete  tanks, 
most  of  which  have  been  used  for 
sauerkraut  storage  for  about  5  yrs. 
They  are  of  reinforced  concrete, 
treated  on  the  inside  with  a  thin  coat- 
ing of  paraffin,  which  is  applied  hot 
by  painting  on  the  surface  and  re- 
newed once  a  year.  Other  kraut  com- 
panies have  had  equal  satisfaction  in 
using  similar  tanks,  untreated.  Evi- 
dently the  acid  generated  by  the  fer- 
mentation of  sauerkraut  is  not  strong 
enough  to  attack  well  made  concrete. 

Vinegar.  Vinegar,  however,  does 
attack  plain  concrete,  readily.  Ex- 
periments conducted  in  1911  by  the 
Colorado  Experiment  Station  prove 
that  vinegar  (acetic  acid)  will  act 
upon  porous  concrete.  In  unprotect- 
ed cisterns  used  for  vinegar  and 
other  acid  fluids,  leaks  developed  and 
the  vinegar  turned  black.  This  can 
be  prevented  b}^  coating  the  interior 
of  tanks  with  paraffin.  Any  tendency 
of  acids  to  attack  concrete  is  in- 
fluenced by  the  character  of  the  con- 
crete, a  porous  concrete  being  more 
susceptible  than  a  dense,  impervious 
one. 

Where  proper  care  is  taken  in  se- 
lecting, proportioning  and  mixing 
materials  and  the  resulting  concrete 
is  placed  in  such  a  manner  as  to  se- 
cure a  dense,  compact  mass,  and  per- 
mitted to  become  thoroughly  hard- 
ened before  exposure,  concrete  tanks 
will  offer  much  greater  resistance  to 
acids  than  when  the  concrete  is  por- 
ous as  a  result  of  careless  proportion- 
ing, mixing  and  placing.  Where  cir- 
cumstances make  it  necessary  to  treat 
the  inner  surface  of  the  receptacle, 
paraffin  should  be  used  if  the  liquid 
to  be  contained  is  not  to  be  heated. 
Where  hot  liquids  are  to  be  stored, 


sodium  silicate  may  be  used,  or  one 
of  the  commercial  protective  coatings 
now  on  the  market. 

Paraffin  should-  be  melted  and  ap- 
plied by  painting  on  with  a  brush, 
then  using  a  plumber's  blow-torch  to 
drive  it  into  the  concrete.  Following 
this,  a  second  coat  may  be  brushed 
en  but  not  driven  into  the  surface. 

Sodium  silicate  or  water-glass  is 
applied  by  dissolving  1  part  of  the 
chemical  in  3  parts  or  4  parts  of 
water,  then  painting  on  several  coats 
of  the  solution  at  intervals  of  24  hrs. 
imtil  the  surface  indicates  that  the 
pores  have  been  filled.  Before  ap- 
plying any  surface  treatment,  the 
concrete  should  be  thoroughly  dry. 

Wine.  The  Cement  Record  for 
Dec,  1909,  contains  an  article  en- 
titled "Glass-Lined  Cement  Tanks," 
from  which  we  quote: 

"In  a  report  recently  made  by  Consul 
Alfred  K.  Moe,  of  Bordeaux,  France, 
reference  is  made  somewhat  at  length  to 
the  French  utilization  of  cement  tanks 
lined  with  glass.  Some  years  ago  cement 
tanks  began  to  take  the  place  of  wooden 
tanks  in  a  number  of  the  large  wine  stor- 
age houses,  one  of  the  reasons  apparently 
being  the  cheaper  cost  of  material  for 
cement  tanks,  as  the  price  for  timber  has 
been  gradually  rising,  and  even  at  the 
higher  prices  was  somewhat  difficult  to 
obtain.  One  of  the  objections,  however, 
to  the  cement  tanks  was  that  in  the  stor- 
age of  wines  the  acid  in  the  liquid  very 
often  decomposed  the  cement,  while  the 
walls  in  turn  absorbed  the  freshness  of 
the  wine.  While,  therefore,  the  wooden 
tanks  were  more  expensive  their  value 
was  greater,  as  they  preserved  the  wine 
in  ai  proper  condition.  The  idea  of  coat- 
ing the  walls  of  the  tanks  with  squares 
of  glass  tile  joined  with  cement  is  said  to 
have  solved  the  difficulty,  as  a  tartar 
forms  on  the  this  surface  of  cement  and 
resists  all  acid  attacks. 

"As  constructed  in  France,  glass-lined 
cement  tanks  may  be  used  for  all  kinds 
of  liquids  except  those  containing  a  large 
percentage  of  acids,  the  latter  leading  to 
the  decomposition  of  the  cement  joints 
and  the  loosening  of  the  glass  plates. 
These  tanks  are  particularly  useful  as 
storage  receptacles  for  wines,  alcohols, 
brandies,  liquors,  ciders,  oils,  gasoline, 
kerosene,  turpentine,  etc.  It  is  said  that 
tanks  so  constructed  are  neither  affected 
by  humidity  nor  by  infiltrations,  that  they 
resist  fire  and  inundation,  and  have  a 
further  advantage  in  that  they  are  not 
liable  to  be  struck  by  lightning  as  are 
tanks  of  metallic  material.  Variations 
of  temperature  effect  a  minimum  loss  by 
evaporation,  the  degree  being  reported 
at  less  than  1%.  At  equivalent  tempera- 
ture wooden  tanks  lose  between  6%  and 

Concrete  and  Constructional  En- 
gineering, a  London  publication,  in 
the  issue  of  May,  1911,  publishes  an 
article  entitled  "Reinforced  Concrete 
Wine  Bins"  based  upon  information 
furnished  by  Le  Beton  Armc,  which 
we  quote: 

"There  have  been  numerous  examples 
in  France  of  the  use  of  reinforced  con- 
crete for  wine  bins,  some  having  been 
constrTirted  of  this  material  so  far  back 
as    1898,   and   the   fact   that   the  owners 
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express  their  complete  satisfaction  with 
this  method  of  construction  is  sufficient 
proof  of  its  suitability  for  such  a  pur- 
pose. 

"One  of  the  principal  requirements  in 
the  construction  of  warehouses  for  stor- 
ing wine  is  that  the  greatest  possible 
amount  of  space  is  obtainable,  and  this 
requirement  fulfilled  by  using  reinforced 
concrete,  as  with  this  method  the  thinnest 
possible  walls  can  be  made,  and  every 
available  inch  of  space  can  be  used. 
Another  advantage  with  reinforced  con- 
crete bins  is  that,  unlike  wood,  cement 
is  non-absorbent,  so  that  the  wine  is  pre- 
served exactly  as  it  was  put  in. 

"Wooden  t)ins  are  treated  in  various 
ways  before  being  filled  with  the  wine, 
but  the  most  efficacious  one  for  reinforced 
concrete  has  been  found  to  be  by  apply- 
ing a  solution  of  tartaric  acid,  after 
which  the  bin  is  well  rinsed  out  and  ready 
for  use." 

Cement  and  Engineering  News, 
for  Dec,  1907,  publishes  an  article 
entitled  "Reinforced  Concrete  Wine 
Tanks,"  from  which  we  quote: 

"U.  S.  Consul  Johnston  states  that  re- 
inforced concrete  tanks  are  extensively 
used  in  Algiers,  for  storing  wine  and  oU. 
The  tanks  have  a  capacity  of  from  260 
casks  to  2,500  casks  of  52  gals.  each. 
The  concrete  is  faced  with  glass  tiling 
5%"  X  lOy^"  on  the  inside.  Wine  is 
stored,  mixed  and  blended  in  these  tanks." 

Roch  Products  in  its  issue  of  Oct. 
22,    1913,   says: 

"From  the  beginning  of  the  California 
wine  industry,  Avooden  tanks  and  casks 
have  commonly  been  used  for  fermenting 
and  storing  the  material,  but  of  late 
years  many  experiments  have  been  made 
with  receptacles  of  more  substantial  ma- 
terial. Underground  tanks,  or  concrete 
lined  cisterns,  have  been  tried  with  some 
success;  but  up  to  this  year  the  idea 
of  portable  concrete  tanks  had  not  been 
developed. 

"This  idea  has  now  been  successfully 
developed,  however,  by  Snell  and  Deimis, 
concrete  contractors  of  San  Francisco, 
who  during  the  summer  built  36  portable 
reinforced  concrete  tanks  in  the  winery  of 
Arthur  Lachman,  a  leading:  producer  of 
fine  wines  and  fruit  brandies. 

"The  tanks  have  a  capacity  of  6,000 
gals,  each  and  stand  lO'  high,  the  walls 
having  a  thickness  of  about  2".  The 
svalls  are  arched  over  at  the  top,  so  that 
the  casks  can  be  tightly  closed  with 
wooden  covers  when  desired. 

"The  tanks  were  completed  in  July,  and 
have  been  in  constant  use  for  the  last 
two  months,  in  fermenting  this  year's 
vintage.  Mr.  Lachman  says  they  are  giv- 
ing excellent  service,  showing  no  effect 
whatever  from  the  chemical  action  of  fer- 
mentation, and  he  believes  they  will  last 
indefinitely." 

Cement  Age  for  July,  1910,  con- 
tains a  very  interesting  article  by 
Horatio  F.  Stoll,  entitled  "Novel 
Uses  of  Concrete  in  One  of  Califor- 
nia's Largest  Wine  Plants."  This 
article  refers  to  the  Italian-Swiss 
Colony's  vineyard  and  winery  at 
Asti,  in  Sonoma  County,  Cal.  Re- 
inforced concrete  is  used  extensivelv 
unique  center  dome  built  of  rough  rocks, 
in  all  buildings,  and  Mr.  Stoll  des- 
cribes the  largest  wine  tank  in  the 
world  as  follows: 

"This  great  cisteyi  is  virtually  a  huge 
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subterranean  lake  of  wine,  carved  from 
the  solid  rock  and  lined  with  a  2-ft.  thick- 
ness of  Portland  ccinent  (with  .1  glazed 
surface.  The  upper  sides  and  the  roof 
are  of  reinforced  concrete,  topped  by  a 
The  Asti  cistern  is  84'  long,  34'  wide  and 
25'  high. 

In  addition  to  the  huge  Asti  cis- 
tern there  are  a  number  of  30,000- 
gal.  capacity  concrete  fermenting 
tanks  reinforced  by  steel  rods,  and  a 
large  concrete  reservoir  on  a  hill 
near  by. 

Buttermilk.  In  reference  to  the  ef- 
fect of  storing  buttermilk  in  concrete 
tanks.  Concrete  and  Constructional 
Engineering  for  Feb.,  1913,  reports 
an  interesting  address  delivered  by 
W.  Laurence  Gadd,  before  the  Con- 
crete Institute,  and  from  this  pub- 
lished report  we  quote: 

"Lactic  acid  is  produced  by  the  fer- 
mentation of  milk,  brought  about  by  the 
micro-organism  bacterium  lactis,  and  is 
a  possible  acid  to  come  in  contact  with 
concrete  structures  in  farm  buildings. 
The  action  of  this  acid  is  confined  to 
combination  with  calcium  hydrate,  form- 
ins  calcium  lactate  (Ca  (C„H.O,)2-i- 
5H'„0).  This  salt  is  soluble  in  water  and 
in  wet  situations  would  be  readily  leached 
out  of  concrete  in  which  it  was  formed, 
so  that  the  deleterious  effect  of  lactic 
acid  would  consist  in  the  gradual  re- 
moval of  the  lime  hydrate,  which  plays 
an  important  part  in  the  induration  of 
concrete.  For  practical  purposes,  it  is 
probable  that  this  action  would  be  very 
small. 

"The  following  tests  show  the  effect  of 
prolonged  immersion  in  a  solution  of  lac- 
tic acid,  prepared  by  fermenting  milk, 
and    removing-    the    curd: 

"Mortar  1:4   (ordinary  building  sand). 

"Test  pieces  1  da.  in  air,  27  das.  and  3 
mos.  in  the  whey  and  in  water  respective- 

Tensile  Strength  Crushing  Strength 

28  das.        3  mos.  28  das.        3  mos. 

[n  whey   ...430             470  4,700             6,700 

440              470  4,900              6,000 


fn  water 


435 

,.400 

410 


470 
495 
480 


4,800 
4,600 
4,750 


6,350 
6.800 
7,000 

6,900 


"This  is,  of  course,  a  much  more  drastic 
test  than  would  be  likely  to  occur  in  prac- 
tice, but  the  results  do  not  disclose  any 
marked  deterioration  caused  by  the  lactic 
acid." 


Concrete    Ta  nks    for 
Dye-Houses  u 

Discussed   By   Leonard   C.   Wason' 
AND  Wm.  M.  Kinney^ 

"We  are  constructing  some  rein- 
forced concrete  tanks  for  a  dyehouse. 
Since  their  construction  was  begun, 
it  has  been  claimed  that  water  from 
a  concrete  tank  would  be  injurious 
for  dyeing  purposes.      The  question 


'Pres.  and  Mgr.,  Aberthaw  Constr.  Co.,  Bos- 
ton 

^Engr.  in  Chg.,  Infor.  Bur.,  Universal  Port- 
lan€l  Cement  Co.,  Chicago 


involved  is  simply  whether  or  not 
water  stored  in  such  a  tank  will  ab- 
sorb anything  from  the  concrete." 


By  Mr.  Wason 

Water  stored  in  a  reinforced  con- 
crete tank  is  likely  to  absorb  from 
the  walls  of  the  tank  a  certain 
amount  of  free  lime.  This  action 
may  last  two  or  three  weeks,  or  it 
may  last  two  months  or  more,  de- 
pending upon  circumstances.  Some 
of  this  lime  is  slowly  soluble  in 
water,  which  accounts  for  the  action. 
If  water  is  allowed  to  run  through 
the  tank  for  a  few  weeks  before  the 
tank  is  used  for  dyeing  purposes, 
the  lime  will  be  gradually  washed 
off  the  surface  of  the  tank,  and  the 
water  will  then  be  no  longer  hard 
from  this  source. 

Some  forms  of  sizing,  which  are 
used  as  a  preliminary  to  painting 
concrete  surfaces,  contain  consider- 
able quantities  of  sulphate  of  zinc. 
The  use  of  such  a  sizing  on  the  in- 
sine  of  the  tank  would  result  in  neu- 
tralizing the  free  lime  otherwise  oth- 
erwise absorbed  from  the  surface. 

By  Mr.  Kinney 

Sodium  silicate  or  paraffin  may  be 
applied  to  the  inside  of  the  tanks  as 
a  precaution,  but  water  stored  in  un- 
treated, reinforced  concrete  tanks 
will  not  be  affected  and  should  be 
perfectly  satisfactory  for  dyeing 
purposes  if  proper  care  has  been 
taken  in  selecting  materials,  propor- 
tioning, mixing  and  placing  the  con- 
crete so  as  to  secure  a  dense,  compact 
mass  and  smooth  interior  surface, 
and  if  the  concrete  has  been  permit- 
ted to  become  thoroughly  hardened 
before  use. 

Editorial  Discussion 

Water  passing  through  a  concrete 
wall  will  take  in  solution  a  certain 
amount  of  free  lime  and  when  the 
water  evaporates  from  the  surface 
of  the  concrete  this  free  lime  will 
be  deposited  on  the  surface  and  is 
generally  known  as  efflorescence.  In 
case  any  free  lime  is  absorbed  by 
the  water  in  the  tanks  some  trouble 
might  arise,  but  it  would  be  easy 
enough  to  wash  the  inner  surface 
with  an  asphalt  wash  to  prevent  an 
accumulation  of  lime  on  the  surface. 


No  sand  which  contains  small  par- 
ticles of  coal  or  lignite  should  be  used 
for  the  outside  finish  of  any  concrete, 
although  sand  of  this  character  may 
be  used  in  the  interior  portion  of 
heavy  pieces  of  concrete  work.  The 
sand  for  exterior  surfaces  should  be 
of  a  bright,  uniform  color. 
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Correspondence  :  a  Department 

in  Which  the  Reader  Becomes  the   Writer         □ 

This  is  your  depai'tment.  It  is  informal.  Use  it.  This  is  the 
place  for  letters  xvhich  have  either  inspiration  or  information  for 
the  '''other fellow.''''  It  is  well  to  remember  that  you  are  usually 
in  his  position.  If  you  are  to  get  the  good  out  of  these  columns, 
why  not  help  to  maJxC  them  good  ?  JVi'ite  about  your  work. 
Help  the  Other ''other fellow."  nan 


Painting    Concrete    Surfaces 
and  Bonding  New  to  Old 
Concrete 

— A  Letter  p'rom  C.  J.  Case' 

In  looking  over  my  Concrete- 
Cement  Age,  I  find  two  articles 
that  interest  me  very  much,  as  I  have 
had  experience  with  both  of  the  sub- 
jects treated. 

First,  as  to  the  painting  of  con- 
crete surfaces :  9  3'rs.  ago  I  made 
in  plaster  of  Paris  molds,  27  con- 
crete bases  for  Corinthian  porch  col- 
umns, varying  from  10"  to  21"  in 
diam.  at  the  neck.  The  next  sum- 
mer I  used  those  bases  on  a  resi- 
dence. In  October,  the  exterior  of 
this  building,  columns  and  bases,  and 
everything  else  was  painted  with  two 
coats  of  lead  and  oil  paint,  and  one 
coat  of  lead,  zinc  and  oil  paint.  The 
house  has  been  repainted  but  once 
since,  and  no  part  of  the  paint  has 
ever  peeled  or  chipped  from  the 
concrete. 

Now,  as  to  bonding  new  concrete 
to  an  old  floor.  Over  7  3'rs.  ago  I 
placed  in  a  dairy  barn  about  5,000 
sq.  ft.  of  concrete  floors.  After 
wards  I  removed  some  40  or  42 
wooden  cow  stalls  which  had  been  in 
8  yrs.,  and  put  in  Louden  pipe 
stanchions,^  and  to  meet  proper  lev- 
els with  the  new  floors,  and  alleys, 
I  had  to  raise  the  old  cow  stall  floors 
from  ll/o"  to  2",  with  concrete.  It 
bonded  well  and  is  still  holding  and 
the  old  floor  had  been  in  constant 
use  for  8  yrs.  as  a  cow  stable  floor. 

Last  summer  I  put  a  1/2-in.  top  on 
a  concrete  sidewalk  which  had  been 
down  5  yrs.,  and  it  is  still  holding. 

In  our  High  school  basement  last 
year,  I  put  in  a  wedger  12'  long 
and  3"  thick  on  one  side  and  a  feath- 
er edge  on  the  other  to  level  up  an 
old  concrete  floor,  and  it  bonded. 

In  bonding  new  to  old  concrete,  I 
use   water   and   muriatic   acid,   equal 


'Cont.  and  Bldr.,  Troy,  Pa. 
-Louden   Machy.  Co.,   Fairfield,   la. 
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parts,  a  stiff"  broom  and  plenty  of 
muscle.  Then,  more  water.  Then, 
a  neat  cement  and  water  paint. 
Then,  a  1 :2  of  cement  and  sand, 
pretty  stiff",  and  more  muscle.  Lots 
of  it.  Then  water  for  a  few  days 
and  protection  from  sun  and  wind. 
Anybody  can  do  it,  but  many  won't. 

The  Use  of  Plums  in  Concrete 

— A  Letter  from  H.  C.  Johnson' 

I  am  surprised  to  see  that  some 
on  your  side  of  the  Atlantic  consider 
that  "plums"  in  concrete  do  not  de- 
crease the  strength  of  the  mass.  It 
certainly  increases  the  weight  per 
cu.  ft.,  but  weight  and  strength  are 
not  synonymous  terms  in  concrete 
ratios. 

The  whole  thing  boils  down  to  vol- 
ume  percentage  of  cement  in  a  con- 
crete, i.  e., 

net  amount  of  cement  used 

finished  volume  of  concrete 
to  put  it  in  the  form  of  a  fraction. 
For  instance,  the  amount  of  cement 
in  an  average  1:2:4  concrete  (varies 
from  12%  to  17%)  is  14%  and  is 
obtained  by  dividing  the  reduced 
volume,  on  wetting,  of  cement  by  the 
finished  volume  of  concrete.  Loose 
cement  reduces  on  adding  about  22% 
water  to  .7  of  original  volume. 

If  "plums"  are  placed  in  concrete 
down  goes  the  crushing  or  shearing 
resistance  since  only  the  cement  "ce- 
ments," and  the  more  of  it  the 
stronger  the  concrete — statements 
to  the  contrary  notwithstanding. 


The  Use  of  Hand,  Hammer 
Crushed  Brick  in  Concrete 
Work 

A  Letter  From  C.  M.  Wood,  M.  E.' 

The  writer,  while  acting  as  con- 
struction engineer   for  an  irrigation 

'Engrgr.  Dept.,  Univ.  College,  Cork.  Ireland. 

'Engr.    In    Sales    Dept.,    Chicago    Portland 
Cement    Co.,    Chicago 


company  in  the  Rio  Grande  Valley  of 
Tex.,  had  occasion  several  years 
ago  to  use  crushed  brick  for  concrete. 
The  work  in  question  involved  among 
other  things  a  deep  concrete  pit  20' 
6"  X  41'  9"  in  plan,  the  floor  of 
which  was  18'  6"  below  the  ground 
level  and  2'  3"  below  the  mean  low 
water  of  the  Rio  Grande,  this  pit  be- 
ing utilized  to  house  two  double-suc- 
tion centrifugal  pumps,  belt-driven, 
and  by  thus  locating  the  pumps  in  the 
pit  we  'Were  able  materially  to  dimin- 
ish the  suction  lift,  and  at  the  same 
time  take  advantage  on  the  discharge 
side  in  the  event  of  the  river  rising, 
which  it  usually  did  once  or  twice 
each  season. 

No  rock  of  any  description  was 
available  for  concrete  work,  and  as 
the  company  had  been  making  its 
own  brick  for  some  time  for  use  in 
siphon  walls,  culverts,  and  small 
foundations,  the  writer,  more  from 
necessity  than  choice,  experimented 
with  broken  brick  as  a  coarse  aggre- 
gate for  use  in  concrete,  first  using 
concrete  thus  made  for  survey  monu- 
ments, and  then  for  light  founda- 
tions. The  results  of  such  experi- 
ments were  highly  satisfactory.  It 
was,  therefore,  decided  to  utilize 
broken  brick  in  making  the  concrete 
for  this  pump  pit.  Labor  being  ex- 
ceedingly cheap  (Mexicans  at  6I/2 
cts.  per  hr.)  no  additional  expense 
was  entailed  in  the  purchase  of  a 
crusher  to  break  the  brick  to  a  2-in. 
size.  After  a  few  days  experiment- 
ing along  this  line,  the  writer  em- 
ployed some  20  Mexican  boys,  in  age 
from  10  yrs.  to  18  yrs.,  paying  them 
4^  cts.  per  hr.,  and  supplying  each 
boy  with  a  hammer  with  which  to 
break  the  brick  to  the  proper  size. 

The  sand  available  for  concrete 
was  exceedingly  fine,  but  clean,  be- 
ing obtained  from  shallow  pits  dug 
along  the  shore  of  the  river,  so,  there- 
fore, no  endeavor  was  made  to  keep 
the  broken  brick  to  a  uniform  2-in. 
size,  in  fact,  the  opposite  was  desira- 
ble, endeavoring  to  grade  the  pieces 
from  1/2"  to  2". 

Concrete  was  mixed  in  the  propor- 
tions of  1  sack  of  cement,  2V2  cu.  ft. 
of  sand,  4  cu.  ft.  of  broken  brick,  for 
footings,  while  for  the  walls  the  pro- 
portions were  changed  to  1  sack  of 
cement,  2  cu.  ft.  of  sand,  3^2  cu.  ft. 
of  broken  brick.  No  waterproofing 
of  any  description  was  used,  but  the 
concrete  was  mixed  very  wet  in  a 
Smith  mixer^  and  was  well  spaded 
after  being  poured. 

Some  6  mos.  after  the  work  was 
completed  it  became  necessary  to  cut 
into  some  of  the  concrete  and  it  de- 
veloped that  such  cutting  was  very 
slow  when  using  the  means  at  the  dis- 

=The   T.   L.   Smith   Cof,   Milwaukee 
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posal  of  the  men,  namely,  sledge- 
hammers and  long  striking  chisels. 
The  concrete  showed  upon  examina- 
tion that  the  brick-bats  themselves 
had  absorbed  a  Considerable  amount 
of  cement  mortar,  and  this  made  a 
concrete  exceptionally  hard  and  ab- 
solutely impervious  to  water;  this 
fact  has  been  attested  several  times 
in  the  past  three  years  when  the  ele- 
vation of  the  water  in  the  Rio  Grande 
has  risen  some  12'  or  more.  A  fea- 
ture which  may  have  had  some  bear- 
ing upon  the  fact  that  this  pit  has  re- 
mained waterproof  is  that  fresh 
burned  bricks  were  used  entirely  for 
making  this  aggregate. 


Organizations      ° 


American  Concrete  Institute,  Charles 
L.  Fish,  Secretary,  Harrison  Building, 
Philadelphia,  Pa. 


American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  538  S.  Clark 
St.,    Chicago. 


American  Highway  Association,  I.  S. 
Pennybacker,  Jr.,  Executive  Secretary; 
Charles  P.  Light,  Business  Manager;  Col- 
orado  Bldg.,   Washington,   D.   C. 


American  Road  Builders'  Association, 
Secretary,  E.  L.  Powers,  150  Nassau  St., 
N.  Y.  C. 

Association  of  American  Portland  Ce- 
ment Manufacturers,  Percy  H.  Wilson, 
Secretary,  Bellevue  Court  Building, 
Philadelphia,  Pa. 

Cement  Products  Exhibition  Co.,  208 
S.  LaSalle  St.,  Chicago,  111.;  J.  P.  Beck, 
General  Manager. 

Iowa  Association  of  Cement  Users,  Sec- 
retary, H.   H.  Dean,  Glenwood,  la. 

Mid-West  Cement  Show,  Omaha,  Neb., 
Mar.  2-6,  1915. 

National  Conference  on  Concrete  Road 
Building,  J.  P.  Beck,  Sec,  208  S.  LaSalle 
St.,  Chicago. 

Nebraska  Cement  Users'  Association, 
Secy.-Treas.,  Frank  Whipperman,  Omaha, 
Neb.  Convention,  Omaha,  Mar.  2-6,  in 
connection  with  Mid-West  Cement  Show. 


Mid-West  CGuvention  and 
Show 

In  connection  with  the  ninth  an- 
nual Mid-West  Cement  Show  to  be 
held  in  the  Auditorium,  Omaha, 
Nebr.,  Mar.  2-6  inclusive,  the  Mid- 
West  Cement  Users'  Assn.  will  hold 
its  10th  annual  convention.    The  pro- 
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gram  covers  three  days'  session. 
Mar.  3-5  inclusive.  Meetings  will 
be  held  in  the  Hotel  Rome.  Aside 
from  the  usual  addresses  of  wel- 
come and  introduction  the  first 
day's  meeting  will  be  taken  up  with 
an  address  by  H.  R.  Park,  Bruning, 
Nebr.,  on  "Concrete  in  Southern 
Nebraska."  George  P.  Dieckmann, 
Consulting  Chemist,  Northwestern 
States  Portland  Cement  Co.,  will 
make  an  address  on  "Grading  of 
Sands."  Frank  L.  Ringer,  Commr. 
Nebr.  Mfg.  Assn.,  Lincoln,  will  ad- 
dress the  convention  on  "Workmen's 
Compensation."  The  session  of 
Mar.  4  will  open  with  a  business 
meeting  which  will  be  followed  by 
an  address  by  Mr.  Dieckmann  on 
"The  Modern  Manufacture  of  Port- 
land Cement."  T.  H.  Johnson,  asst. 
city  engr.,  Sioux  City,  la.,  will 
make  an  address  on  "Concrete  Pave- 
ment as  Laid  in  Sioux  City,  la." 
P.  P.  Comoli  will  make  an  address 
on  "Architectural  Possibilities  in 
Concrete  Homes."  Friday's  session 
will  also  open  with  a  business  meet- 
ing which  will  be  followed  by  an 
address  by  Harry  I.  Purcell,  Chica- 
go, on  "The  Problem  of  a  Cement 
Products  Manufacturer."  Prof.  L. 
W.  Chase,  of  the  Agricultural  Dept., 
Univ.  of  Nebr.,  Lincoln,  will  make 
an  address  on  "Concrete  Silos  in  Ne- 
braska." Prof.  Clark  E.  Mickey, 
Univ.  of  Nebr.,  will  give  a  talk  on 
"Better  Concrete." 

All  of  the  papers  and  addresses 
of  the  convention  will  be  open  for 
discussion  and  the  feature  of  the 
meeting  this  year  will  be  the  inaug- 
uration of  a  question-box  to  encour- 
age the  development  of  less  obvious 
subjects  of  interest  as  they  may  oc- 
cur to  members  of  the  Association. 
If  a  question  is  of  such  a  nature  that 
a  man  does  not  care  to  get  up  and 
announce  it  publicly  in  the  meeting, 
he  is  requested  to  write  it  out  and 
drop  it  in  the  question-box,  when  it 
will   be   taken    up   in   open   meeting. 


New  Books 


Writing  in  the  American  Journal 
of  Archaeology,  E.  B.  Van  Deman 
takes  up  the  old  subject  of  the  an- 
tiquity of  concrete.    He  says : 

In  no  period  was  concrete  used  to  any 
extent  without  facing  except  in  founda- 
tions and  other  visible  parts  of  buildings. 
Roughly  at  the  beginning  of  the  Christian 
era  it  reached  the  position  of  dominant 
material  (or  mode)  of  construction.  Be- 
fore 100  B.  C.  some  monumental  struc- 
tures containing  concrete  were  erected  and 
from  that  time  on  the  material  was  in- 
creasingly used,  including  exterior  facings 
in  concrete.  The  dome  of  the  Pantheon, 
erected  123  A.  D.,  is  still  regarded  as  the 
finest  example  of  ancient  concrete  work 
extant.  It  is  14-2'  in  diameter,  with  an 
opening  of  30'  diameter  at  the  top,  and 
without  showing  appreciable  injury,  has 
withstood  the  destructive  influences  of  the 
weather  for  nearly  2,000  yrs. 


Foundations:  A  short  Texl-hooh  on 
Ordinary  Foundations,  including  a 
Brief  Description  of  the  Methods 
Used  for  Difficult  Foundations. 
By  Malverd  A.  Howe,  Prof,  of 
Civ.  Engrg.,  Rose  Polytechnic  In- 
stitute, Terre  Haute,  Ind.,  cloth. 
6"  X  9",  110  pp.,  55  fig.  John 
Wiley  &  Sons,  Inc.,  $1.2.o  net. 

The  purpose  of  the  book,  as  stated 
by  its  author,  is  to  present  in  an  ele- 
mentary manner  the  fundamental 
principles  upon  which  the  proper  de- 
sign of  foundations  is  based,  with 
such  examples  as  will  serve  to  illus- 
trate their  application. 

The  text  is  divided  into  six  chap- 
ters under  the  following  headings: 
Supporting  capacity  of  soils ;  wall 
footings  and  column  footings ;  piles 
and  pile  foundations ;  chimneys  and 
towers ;  bridge  piers  and  abutments : 
methods  employed  for  difficult  foun- 
dations (such  as  pneumatic  and  ojoen 
caisson  work  and  the  freezing  pro- 
cess). The  chapter  headings  quoted 
give  an  adequate  idea  of  the  scope 
of  the  book. 

The  task  of  condensing  in  one  vol- 
ume of  110  pp.  a  discussion  concern- 
ing such  a  wide  range  of  subjects  as 
are  embraced  in  foundations  was  not 
easy.  Yet  the  author  has  tried  to 
touch  briefly  upon  most  of  the  essen- 
tials and  has  developed  in  some  de- 
tail the  more  important  considera- 
tions. 

The  book,  however,  is  elementary 
in  character  and  intended  primarily 
for  class  room  work  in  technical  col- 
leges and  it  will  prove  useful  for  that 
purpose,  although  it  will  require  con- 
siderable amplification  in  the  form  of 
lectures  or  other  reading.  An  impor- 
tant feature  of  the  book  is  the  list  of 
many  references  to  other  books  and 
to  current  periodicals.  This  biblio- 
graphy is  very  complete  and  only 
reliable  information  has  been  used. 
Viewed  broadly,  the  method  of  treat- 
ment, together  with  the  nature  of  the 
information,  makes  this  book  of  some 
value  to  the  practicing  engineer. 

The  text  is  large  and  clear,  the 
illustrations  serve  well  their  purpose, 
and  the  volume  is  neath'  bound  and 
of  a  convenient  size. 


Symmetrical  Masonry  Arches — Iii- 
cluding  Natural  Stone,  Plain 
Concrete,  and  Reinforced  Con- 
crete Arches.  By  Malverd  A. 
Howe,  Prof,  of  Civil  Engrg.. 
Rose  Polvtechnic  Inst.,  Terre 
Haute,  Ind.  Cloth,  6"  x  9",  XXIV 
-1-215  pp.,  35  illus.  and  6  folding 
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dwgs.     John  Wiley  &  Sons,  Inc., 
$2.50  net. 

In  this  second  edition,  Prof.  Howe 
has  made  an  attempt  to  correct  the 
errors  found  in  the  first  edition,  and 
to  simplify  the  demonstrations  of  the 
formulas.  Most  of  the  text  has  been 
rewritten  and  considerable  new  mat- 
ter added.  The  tables  of  arches 
have  been  sui^plemented  by  a  table 
giving  arches  built  within  the  last 
10  yrs. 

A  greater  part  of  the  book  is 
taken  up  with  the  solution  of  exam- 
ples, each  step  being  arranged  in  de- 
tail so  as  to  be  easily  followed  by 
the  student  and  engineer  who  has  not 
specialized  particularly  along  the  de- 
sign of  masonry  arches  according  to 
the  elastic  theory. 

Short  and  simple  solutions  are 
given  to  those  problems  which  do  not 
require  minute  analyses.  The  sim- 
plest solution  of  the  formulas  for  the 
horizontal  thrusts  and  bending  mo- 
ments at  the  supports  are  given  for 
the  first  time. 

Both  numerical  and  graphical 
tables  are  given,  compiled  from  arch 
bridges  already  in  existence  and 
these  form  a  valuable  aid  in  checking 
calculations.  In  Appendix  B  is 
given  a  series  of  arch  coefficients  and 
an  example  illustrating  their  use  in 
transforming  a  given  arch  to  one 
having  different  dimensions.  These 
tables  accompanying  the  arch-coeffi- 
cient method  will  be  found  of  much 
use.  Appendix  D  contains  formulas 
for  unsymmetrical  arches,  which  will 
serve  the  occasional  case  in  which 
symmetry  cannot  be  maintained. 

The  chapter  headings  are  as  fol- 
lows: Fundamental  formulas,  sym- 
metrical arches  fixed  at  the  ends,  ex- 
amples showing  the  application  of 
the  formulas,  etc.,  and  typical  arches. 
An  extensive  appendix  contains  tables 
and  miscellaneous  data  pertaining  to 
the  subject. 


Methods  and  Costs  in    Constructing   a    Combined 
Concrete  Silo  and  Water  Tank 


The  combined  concrete  silo  and 
water  tank  shown  in  Figs.  1  to  7  in- 
clusive, and  described  in  the  follow- 
ing article  was  erected  for  Frank  L. 
Eagan  at  Hartford,  Mich. 

GENERAL  DESIGN 

The  silo  is  12'  in  diameter  and  36' 
high,  with  a  5,084-gal.  water  tank  6' 
deep  on  top.  Pipes  lead  from  the 
tank  to  windmill,  residence,  barn 
and  hog  pen.  A  hose  is  used  to  clean 
the  floors  of  the  hog  pen,  horse  and 
cow  stable  and  to  fill  holes  for  hog 
wallows. 

The  floor  of  the  water  tank  was 
made  8"  thick,  and  the  wall  6"  thick 
from  the  foundation  to  the  roof. 

The  conical  concrete  roof  was 
made  with  a  1.3  pitch  and  the  eaves 
project  6".  The  roof  slab  is  about 
4"  thick  at  the  eaves  and  tapers  to 
about  3"  thick  at  the  top.  Each  of 
the  dormer  windows  in  the  roof  con- 
tains a  sash  with  four  panes,  12"  x 
14",  which  provide  ample  light. 

The  structure  is  built  with  a  con- 
crete chute  as  shown  in  Fig.  2.  There 
is  a  continuous  doorway  as  high  as 
the  silo.  A  ladder  is  provided  for 
the  remaining  6',  with  iron  bars 
placed  in  the  concrete.  There  is  a 
step  in  the  ladder  every  15",  and 
across  the  doorway  every  30"  is  an 
iron  rod  extending  into  the^concrete 
on  each  side. 

The  malleable  iron  door  fasteners 
are  fastened  to  the  center  of  the  doors 
by  ^-in.  bolts,  and  they  are  so  con- 
structed that  when  the  arm  is  drawn 
down  to  a  horizontal  position  the 
door  is  drawn  taut  in  the  door  jambs. 
The  arms  of  the  door  fasteners  form 
steps  and  the  ladder  iron  forms  oth- 


er steps  about  15"  apart  when  the 
doors  are  in  place. 

One  end  of  the  door  fasteners 
catches  in  cast  iron  sockets,  which 
are  embedded  in  the  wall. 

A  concrete  cone  was  built  in  the 
center  of  the  water  tank  so  as  to  take 
care  of  the  pressure  which  might  be 
caused  by  the  water  becoming  frozen. 

The  structure  is  reinforced  with 
triangular  mesh  steel  woven  wire, 
which  is  made  with  both  single  and 
stranded  longitudinal  or  tension  mem- 
bers. That  with  the  single  wire 
longitudinal  is  made  with  one  wire 
varying  in  size  from  a  No.  12-ga.  up 
to  and  including  a  %-in.  diam.,  and 
that  with  the  stranded  longitudinal 
is  composed  of  two  wires  or  three 
wires  varying  from  No.  12-ga.  up  to 
and  including  No.  4  wires  stranded 
or  twisted  together  with  a  long  key. 
These  longitudinals,  either  solid  or 
stranded,  are  invariably  spaced  4" 
o.  c,  the  sizes  being  varied  in  order 
to  obtain  the  desired  cross-sectional 
area  of  steel  per  ft.  of  width. 

No.  23  wire  mesh  was  used  in  the 
first  third  of  the  silo.  No.  4  for  the 
next  third  and  No.  5  for  the  last  or 
top  third. 

The  wire  mesh  was  12"  wide, 
which  provided  for  a  6-in.  lap  every 
3', 

Twisted  iron  bars,  l/o"  in  size, 
were  placed  12"  o.  c.  each  way  in  the 
bottom  of  the  water  tank  and  No.  23 
wire  mesh  placed  on  top  of  the  bars. 

The  conical  concrete  roof  over  the 
water  tank  was  reinforced  with  No. 
5  wire  mesh  and  a  1/2-in.  twisted  bar 
near  the  eaves  and  in  the  roof,  form- 
ing a  hoop  so  as  to  provide  for  the 
strain  caused  by  the  weight  of  the 


Figs.  1  axd  2 — Molds  and  Other  EauiPaiENT  Used  ik  Cokstrcctixo  a  Comiiined  Silo  and  Water  Tank  at  Hartford,  Mich, 

Fig.  1  shows  the  molds  raised  and  the  men  ready  to  raise  the  hoist  or  scaffolding,  while  Fig.  2  shows  a  man  on  top  of  the  scaffold. 
The  T-iron  arms  brace  th«  molds  from  the  center  mast  and  spacers  hold  the  molds  to  an  even  thickness 
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roof  pressing  down.  The  dormer 
windows  in  the  roof  are  also  rein- 
forced with  wire  mesh. 

MATERIALS   OF    CONSTRUCTION 

Universal  Portland  cement^  was 
used  throughout  the  structure.  Field 
tests  only,  from  actual  mixtures, 
were  made.  The  total  quantity  of 
cement  used  was  about  75  bbls. 

The  aggregate  was  carefully  se- 
lected bank-run  sand  and  gravel 
from  local  pits,  being  clean  and 
coarse,  but  not  over  %"  in  size  as  a 
maximum.  There  were  used  about 
54  cu.  yds.  of  gravel  in  the  walls  and 
the  water  tank  floor. 

One  roll  of  No.  23  triangular  wire 
mesh/  consisting  of  525  sq.  ft.,  one 
roll  of  No.  4,  consisting  of  525  sq. 
ft.,  and  two  rolls  of  No.  5,  consisting 
of  1,050  sq.  ft.,  making  a  total  of 
2,100  sq.  ft.  of  971  lbs.  of  wire  mesh, 
were  used,  besides  about  300  lbs.  of 
l/2-in.  twisted  bars. 

The  30-in.  x  30-in.  doors  were 
made  of  two  thicknesses  of  1-in. 
cypress  lumber,  with  tar  paper  be- 
tween and  held  together  with  two  2- 
in.  X  4-in.  cleats.  These  doors  were 
fastened  by  the  Conklin  door  fast- 
eners.^ 

MOLDS    AND    EQUIPMENT 

The  Conklin  molds'  are  made  of 
No.  l6-ga.  black  sheet  metal,  rein- 
forced at  the  top  and  bottom  with 
ll/^-in.  X  1^-in.  x%6-in.  angle  iron. 
The  inside  molds   are  reinforced  in 


^Universal  Portland  Cement  Co.,  Chicago 
2Am.  Steel  &  Wire  Co.,  Chicago 
^Conklin   Constr.  Co.,   Hartford,   Mich. 


Fig.  4 — Pouring  Conliu-.te  iro-^i  the  Drop  Bottom  IW  lki.t  Into  the  Mold 

Fig.  5 — Removing  Mold  Clamps 

After  the  silo  is  built  a  man  may  be  suspended  in  the  same  manner  to  wash  the  wall 


the  center  with  l^/^-in.  channel  steel. 

The  Conklin  molds  include  two 
complete  rings  (inside  and  outside), 
chute  mold  equipment  for  blocking 
off  the  doorway  in  steel,  malleable 
iron  clamps,  two  lifting  hooks,  cor- 
nice irons,  steel  mold  spacers,  steel 
mold  blocks  and  four  turnbuckles  for 
chute. 

Figs.  2  and  3  show  the  type  of 
equipment  used  in  constructing  the 
silo.      The   machine   carries   its   own 


Fig.  3 — Details  of  Equipment  Used  in  Constructing  the  Combined  Concrete  Silo 
AND  Water  Tank  at  Hartford,  Mich. 
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scaffolding  and  is  automatically  lift- 
ed. 

The  machine  is  set  up  with  a  4-in. 
center  mast,  carrying  8  T  iron  arms, 
2"  X  2"  X  1/4''  in  size,  so  adjusted 
that  the  hoist  can  be  used  in  diame- 
ters of  10'  to  20'.  These  arms  carry 
a  scaffolding  at  the  top  of  the  molds 
and  keep  the  molds  in  a  circular 
position.  A  second  scaffolding  is 
suspended  about  7'  below,  which 
enables  the  operators  to  handle  the 
molds  and  finish  the  inside  walls. 
The  rods  and  chains  that  carry  the 
arms  are  l/^"  in  size,  while  the  rods 
carrying  the  scaffolding  are  %"  in 
diameter.  The  mold  spacers  which 
are  connected  to  the  radial  arms  of 
the  spider  are  shut  down  onto  the  top 
angles  of  the  molds,  and  hold  them 
in  a  circle  and  the  proper  distance 
apart ;  in  this  case,  6". 

The  boom  carries  a  concrete 
bucket  with  a  capacity  of  about  3  cu.- 
ft.,  and  is  also  used  as  a  swing  to 
enable  the  operator  to  remove  the 
clamps  on  the  molds  and  finish  the 
outside  walls. 

The  equipment  usually  includes 
60'  of  center  mast,  but  silos  of  any 
height  can  be  built  by  additional  sec- 
tions. 

The  machine  was  kept  set  up  and 
used  until  after  the  roof  was  built. 

In  constructing  the  floor  of  the 
concrete  water  tank.'  the  inside  molds 
of  the  Conklin  machine  were  taken 
out  and  placed  on  the  ground.  The 
outside  molds  were  lifted  to  the  sec- 
ond position,  similar  to  that  shown 
in    Fig.    6.  ■  Tlie    spider   or   web   of 
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the  hoist  was  jacked  up  until  it  was 
above  the  floor  line.  The  second 
scaffolding  on  the  macliine  was  left 
below  the  wooden  floor  forms,  which 
were  made  of  2-in.  x  10-in.  plank  set 
across  the  center  and  to  one  side  of 
the  center  mast.  The  ends  of  the 
planks  were  set  into  the  walls  about 
2".  A  cleat  was  nailed  to  the  2-in. 
X  10-in.  planks,  V  from  the  top  on 
each  side.  Several  2-in.  x  4-in. 
planks  were  used  as  joists,  being 
fastened  to  the  2-in.  x  10-in.  planks 
and  projecting  over  the  concrete  wall 
about  2".  These  joists  were  spaced 
about  2'  apart  each  side  of  the  main 
joist  and  the  lumber  placed  across 
the  top  of  the  joist  to  form  the  floor. 
The  forms  for  the  roof  were  made 
of  2-in.  plank  with  lA-in.  lumber 
nailed  on  the  edges  of  the  plank  to 
give  the  concrete  cornice  a  depth  of 
4".  The  cornice  was  held  in  place 
by  brackets  fastened  in  position  on 
tlie  outside  of  the  wall  by  %-in  eye 
bolts  running  through  the  top  of  the 
wall  and  the  1-in.  x  6-in.  board  bent 
around  inside.  The  conical  roof  was 
made  with  16  rafters  equally  spaced 
on  the  silo  wall  and  meeting  at  the 
peak.  The  roof  boards  were  placed 
on  the  rafters  and  pailed  parallel  to 
the  silo  wall. 

CONCRETE    WORK 

The  mixture  for  the  structure  was 
in  the  proportions  of  1  part  cement 
to  5  parts  sand  and  gravel. 

The  concrete  was  mixed  in  a  3-ft. 


batch  mixer*  driven  out  by  a  2l^-h.p. 
gasoline  engine. 

The  concrete  was  placed  in  the 
molds  by  means  of  a  3-ft.  bucket 
made  of  No.  14-ga.  black  iron,  rein- 
forced around  the  top  and  bottom 
with  ll/o-in.  X  li/2-in-  channel  steel, 
as  shown  in  Fig.  3.  The  bottom 
swings  on  two  4-in.  hinges.  The 
bail  and  the  handle  used  to  trip  the 
bottom  are  made  of  %-in.  bar  iron. 

The  bucket  travels  at  the  rate  of 
100'  per  min. 

It  will  be  seen  from  Fig.  1  that 
one  man  is  used  on  top  to  receive  the 
bucket,  and  swing  the  boom  around 
and  dump  the  concrete.  Another  man 
or  foreman  handles  the  concrete  in 
the  forms. 

It  was  not  necessary  to  use  a  tem- 
plate in  constructing  the  roof  as  a 
man  accustomed  to  a  trowel  can  get 
an  almost  perfect  roof  without  such 
a  device. 

GENERAL   FEATURES 

It  took  one  man  two  das.  to  dig 
the  foundation  which  was  about  4' 
below  grade  line.  About  three  hrs. 
were  required  to  set  up  the  Conklin 
equipment  and  four  hrs.  to  All  the 
first  section  of  the  forms  (3'  high 
and  6"  thick).  The  progress  from 
tlien  on  was  3'  every  half  day  or  one 
ring,  thus  making  6'  or  two  rings 
per  da.  It  required  one-half  da.  to 
concrete  the  roof  and  a  day's  time  to 
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take  down  the  machine  and  brush  the 
silo  inside  and  out  with  a  cement 
wash,  the  outside  being  done  with 
white  cement. 

The  3-in.  pipe  leading  to  the  water 
*,ank  was  placed  inside  of  the  silo, 
about  3'  from  the  wall,  and  goes 
♦hrough  the  8-in.  concrete  floor  of  the 
'lank.  Lock-nuts  on  the  pipe  and 
gaskets  keep  the  water  from  leaking. 
The  wool  packing  and  the  air-cham- 
ber also  extend  through  the  floor 
slab.  The  heat  contained  in  the  en- 
silage warms  the  air  in  the  jacket, 
'iausing  the  warm  air  to  travel  to  the 
top  of  the  jacket  and  the  cold  air 
^o  descend,  so  that  if  the  silo  is  only 
^alf  filled  with  ensilage  in  zero 
leather,  there  will  be  no  chance  af- 
forded for  the  water  pipes  to  freeze, 
\s  there  is  a  perfect  circulation  of 
air  around  them. 

Folowing  is  an  itemized  cost  of 
constructing  the  combined  silo  and 
water  tank: 

Wire   mesh    $29.82 

Twisted    iron    bars 9.00 

74  bbls.  of  cement  @  |1.35  per  bbl 99.90 

Delivery  of  same  at  $.10  per  bbl 7.40 

02  cu.  yds.  of  gravel  @  $1.15  per  cu.  yd.  71.30 

2  das.  excavating   4.00 

Labor  7%   das.  to  set  up  machine  and 
wall,   4   men    67.50 

1  da.  building  forms  put  in  floor 9.00 

2  das.   building   roof 18.00 

1    da.   taking  down   machine   and   wash 

wall    9.00 

1  da.,  2  men  putting  in  pipes  for  water 

tank    5.00 

Z&'  of  1-in.  pipe 3.04 

Special  clamp   on  pipe 81 

37'  of  3-in.  pipe  used  as  jacket  over  1-in. 

felt    10.25 

%-in.  wool  cover  for  1-in.  pipe  inside  3- 

in.   pipe    2.75 

14  silo  doors  14.00 

Total    1361.77 


Upon  the  principle  of  putting  your 
b^st  foot  foremost,  concrete  door- 
steps are  stated  by  the  Worcester 
Telegram  to  be  the  latest  fad  and 
well  may  this  be  said  for  there  is 
nothing  so  discouraging  and  nothing 
so  ill-looking  as  a  broken  down  front 
step  to  a  good  looking  house  and  yet 
how  often  this  is  seen  all  over  the 
country  and  how  simple  it  is  to  im- 
prove the  appearance  of  the  house 
permanently  by  making  a  concrete 
doorstep.  In  this  way  a  favor- 
able appearance  is  made  to  the  pur- 
chaser and  the  concrete  steps  will  be 
for  all  time  a  safe,  permanent  and 
pleasing  entrance  to  the  house  itself. 


Fig.  6 — Segment  of  Moi.i)  iv  Place  Ready  for  Concreting 

Fig.  7 — The  Finisiieb  Sii.o  and  Watkh  'Jank  at  IlARnoKi),  Micii. 
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All  square  column  forms  should 
have  diagonal  or  beveled  strips  in 
the  corners,  unless  the  corners  of  col- 
umns are  protected  by  metal  strips ; 
otherwise,  they  are  liable  to  be 
chipped  off".  The  beveled  strips 
should  run  the  full  length  of  column 
forms,  and  should  be  nailed  onto  two 
opposite  sides  of  the  forms  when 
they   are   made   up. 
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New  Equipment,   Methods  and  Materials : 

New  Tools  with  Which  the  Industry  Works  □  a 


This  magazine  will  not  publish  ''reading  notices/'  so-called^  for  the  benefit  of  advertisers. 
These  pages  are  edited  for  the  Reader,  as  are  all  other  pages  in  ''Concrete/"  Manufacturers 
are  constantly  producing  new  and  better  methods  and  developing  old  methods,  materials  and 
machines.  The  progress  of  the  concrete  field  is  measured  by  the  development  of  its  tools.  All 
developments  along  these  lines  are  of  real  interest  and  importance  to  men  who  want  to  im- 
prove  the  quality  of  their  work,  decrease  its  cost,  increase  its  quantity.  This  department  is 
for  just  that  hind  of  Editorial  inaterial.  JVe,  therefore,  welcoine  detailed  announcements 
which  will  be  of  practical  value  to  Readers.  Under  no  circumstances  will  this  magazine  pub- 
lish any  mmouncement  simply  because  an  advertiser  asks  it,  nor  refuse  publication  because  a 
non-advertiser  asks  it.  Material  must  carry  information  of  real  consequence  to  the  reader.  All 
material  will  be  edited  on  that  basis  regardless  of  the  source  from  which  it  comes. — The 
Editors. 


The  Smith  Non-Tilting 
Concrete  Miocerette 

The  latest  addition  to  the  non- 
tilting  line  of  Smith  mixers,  brought 
out  to  meet  the  demand  which  has 
manifested  itself  within  the  past 
two  years  for  a  light,  portable  and 
inexpensive  concrete  mixer  of  small 
capacity,  is  the  Smith  "Mixerette," 
shown  in  Figs.  1  and  2.  It  is  said 
by  the  manufacturers,  the  T.  L. 
Smith  Co.,  Milwaukee,  that  the 
Mixerette  holding  5  cu.  ft.  of  dry 
sand,  stone  and  cement,  or  3  cu.  ft. 
of  mixed  concrete,  will  produce  5  cu. 
yds.  of  mixed  concrete  per  hr.  The 
Mixerette  is  built  on  the  same  line  as 
the  well-known  Smith  Duo-Cone 
mixer. 

In    the    Smith    IMixerette    are    two 


features  which  stand  out  very  promi- 
nently. The  main  drum  ring  and  the 
driving  pinion  are  entirely  enclosed 
and  protected  from  the  finest  parti- 
cles of  dirt  or  dust.  The  drum  ring 
itself  combines  a  large  gear  encircl- 
ing the  drum  and  two  machined 
tracks.  The  dust-proof  casing  which 
covers  the  drum  ring  has  two  ma- 
chined surfaces  which  snugly  fit  over 
the  two  machined  tracks  encircling 
the  drum.  This  forms  the  bearing 
surface  upon  which  the  drum  re- 
volves. The  sliding  bearing  elimin- 
ates main  rollers  and  other  support- 
ing and  driving  mechanism,  while 
the  lower  portion  of  the  casing  com- 
ing down  to  the  truck  sills  forms  a 
supporting  pedestal  for  the  drum. 

The    dust-proof    casing    is    fitted 
with  pressure  grease-cups  so  that  the 


machined  surfaces  can  be  kept  cool 
and  clean  at  all  times.  This  ex- 
cludes the  dust  and  considerably  in- 
creases the  life  of  the  mixer  itself. 
This  new  feature  will  strongly  ap- 
peal to  the  many  contractors  who 
have  continually  experienced  trouble 
with  their  main  roller  tracks  develop- 
ing flat  spots  and  the  main  rollers 
themselves  rapidly  wearing  out,  thus 
causing  an  uneven  motion  of  the 
drum  which  wears  out  the  driving 
pinion  and  at  the  same  time  causes 
great  loss  of  power  on  the  machine. 

Another  conspicuous  feature  of  the 
Mixerette  is  the  "ropeless"  loader, 
the  skip  being  raised  by  means  of 
gears.  There  are  no  cables  to  break 
and  no  sheaves  to  get  out  of  order, 
consequently  none  of  the  jerking, 
twisting  motion  of  the  ordinary  pivot- 


FiG.  1 — The  Smith  Mixerette  with  Chute  ix  Discharge  Fir,.,3 — The  Smith  Mixerette  Mounted  ok  Steei.  Truck  with 

PosiTiox  ExGixE,  Loader  axd  Pipe  Coxxectioxs 
Three  handles  are  provided  so  that  the  batch  can  be  dumped 
from  any  point  about  the  machine 
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ed  hopper  and  no  binding  strain  on 
the  loader  frame.  It  lifts  easily  and 
smoothly,  being  controlled  by  the 
jaw  clutch  and  the  brake.  When  the 
skip  reaches  its  highest  point,  dis- 
charging into  the  drum,  it  strikes  a 
projecting  finger  whicli  automatically 
disengages  the  lioisting  clutch,  thus 
preventing  any  strain  or  damage  to 
the  hoisting  mechanism. 

The  Smith  Mixerette  is  operated 
by  a  high-priced  hopper-cooled  gaso- 
line engine  enclosed  in  a  steel  house. 

The  drum  is  equipped  with  three 
long,  scoop-like  blades  which,  in  con- 
nection with  the  long,  sharp  angle 
discliarge  spout,  give  a  very  rapid 
discharge. 

The  equipment  as  shown  herewith 
is  light  and  durable,  weighing  only 
2,500  lbs.  For  the  contractor  who 
does  not  want  to  invest  the  money  in 
a  power  charger  equipment  as  shown, 
this  company  furnishes  the  mixerette 
equipped  with  gated  batch  hopper. 
Such  a  rig  weighs  only  1,875  lbs.  and 
with  its  low  feed  level  of  3'  IQi/l"  is 
an  equipment  likely  to  appeal  to  a 
great  many  building  contractors  bav- 
ins: concrete  work  to  do. 


A  New  Type  of 
Continuous  Mixer 

The  old  t3'pe  of  feeding  device 
used  on  continuous  mixers  has  been 
eliminated  in  the  mixer  shown  in  the 


accompanj'ing  illustration,  being  re- 
placed by  a  s^'stem  of  chain  elevators 
which  forces  the  material  into  the 
mixing  trough  in  a  continuous  stream. 

It  is  claimed  that  the  mixer  will 
feed  in  exact  proportions  whether  the 
material  be  wet  or  drj'.  The  propor- 
tioning and  the  mixing  device  are  in 
plain  sight,  thus  enabling  the  opera- 
tor to  see  just  exactly  what  the  ma- 
chine is  doing. 

The  low  down  hoppers  are  said  to 
eliminate  a  large  part  of  the  hard 
labor  usually  required  in  feeding  a 
machine  having  elevated  hoppers. 

The  continuous  mixer  has  a  capac- 
ity of  from  3  cu.  vds.  to  12  cu.  A'ds. 


per  hr.  and  is  equipped  with  a  4-h.p. 
Novo  engine.^  It  is  made  by  the 
Elite  Mfg.  Co.,  100  Ohio  St.,  Ash- 
land, Ohio. 


A  Horse  Power 
Concrete  Mixer 

The  accompanying  illustration 
shows  the  Champion  horse-power 
one-sack  batch  mixer  made  by  the 
Famous  Mfg.  Co.,  East  Chicago,  Ind. 
The  construction  of  the  apparatus  is 
so  clearly  shown  here  that  further 
description  seems  unnecessary,  ex- 
cept to  state  that  the  machine  may  be 
readily  moved  by  means  of  the  two 
wheels  under  the  mixer. 


The  Champiox  Horse-Power  Coxcrete  Mixer 


The   Elite  I.ow-Down   C'ontinious  Concrete   Mixer 
[iC6] 


Trade  Publications      n 


The  Little  AVonder  Cement  Brick  Mold 
— Raber  &  Lang  Mfg.  Co.,  Kendallville, 
Ind.,  paper,  G%"  x  314",  8  pp.,  illust. 
The  construction  and  use  of  the  Little 
Wonder  brick  molds  are  fully  covered  in 
this  interesting  folder. 

Enduring  Concrete — The  Pettyjohn  Co., 
Tcrre  Houte,  Ind.,  paper,  9%"  x  12",  16 
pp.,  illust.  This  booklet  deals  with  orna- 
mental concrete  for  the  home,  for  the 
lawn  and  for  the  garden,  concrete  col- 
umns and  balustrades,  piazzas  and  per- 
golas, vases  and  flower  boxes,  steps  and 
buttresses,  garages  and  artistic  illuminat- 
ing standards.  It  is  well  illustrated  and 
neatly  arranged. 

Thomas  Reversible  Single  Drum  Elec- 
tric Hoist— Class  "B,"  Bulletin  No.  128— 
Thomas  Elevator  Co.,  Chicago,  paper,  12" 
X  9",  4  pp.,  illust.  This  bulletin  contains 
a  descrii)tion  of  the  mechanical  construc- 
tion of  the  Thomas  reversible  drum  elec- 
tric hoist. 

The  Detroit  Testing  Laboratory — The 
Detroit  Testing  Laboratory,  Detroit,  pa- 
])er,  10"  X  4.1/3",  20  pj).,  illust.  This  book- 
let is  intended  to  give  a  better  idea  of 
this  institution  and  a  fuller  conception  of 
its  various  lines  of  endeavor. 

Yarns — American  Mfg.  Co.,  Brook- 
lyn, N.  Y.,  paper,  8"  x  5%",  20  pp., 
iilust.  This  house  organ  contains  an  in- 
teresting article  on  "The  Transmission 
Roi)e  .Splice"  taken  from  the  Blue  liook 
of  Rope  Transmission.  It  is  well  edited 
and  neatly  arranged. 
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Building  Regulations 

A  BUILDING  code  is  primarily  for  the  protec- 
'^*'  tion  of  the  public.  The  average  citizen  lacks 
the  special  knowledge  to  make  him  competent  to 
judge  between  good  materials  and  poor  materials 
ard  between  good  design  and  bad  design.  Inci- 
dentally, a  good  building  code  protects  the  manu- 
facturers of  good  materials  and  the  contractor  with 
skill  and  honest  motives,  from  manufacturers  of  in- 
ferior materials  and  from  contractors  who  are  eith- 
er ignorant  or  dishonest,  or  both.  The  intended  ef- 
fect, then,  of  well  considered  building  regulations  is 
quite  simple  and  desirable  and  nobody  whose  opin- 
ion is  worth  while  can  object  to  them.  Such  regu- 
lations benefit  everybody  who  deserves  to  be  bene- 
fited. It  is  obviously  to  the  advantage  of  builders 
and  manufacturers  of  building  materials  to  make 
special  efforts  toward  the  adoption  of  suitable 
building  regulations   in  every  community. 

The  errors  come  simply  because  building  regu- 
lations are  formulated  and  adopted  by  human  be- 
ings in  whom  error  is  common.  While  it  is  best 
to  be  sure  that  the  public  is  amply  safeguarded,  it 
is  of  great  importance  that  justice  does  not  lean 
backward  is  trying  to  stand  too  straight.  If  the 
public  is  prevented,  by  the  ignorance  or  biased 
views  of  the  framers  of  the  regulations,  from  the 
fullest  possible  use  of  good  materials  and  legiti- 
mate methods,  then  the  resulting  injustice  is  dif- 
ferent in  minor  degree  only,  and  not  at  all  dif- 
ferent in  kind,  from  the  injustice  of  regulations 
which  are  too  feeble  in  their  provisions  for  safety. 

Freezing  and  Thawing  Concrete 

T  N  connection  with  the  recent  collapse  of  the 
*  Shust  Bakery  building  at  Saginaw,  Mich.,  an 
interesting  fact  is  brought  out  so  far  as  the  con- 
crete is  concerned.  It  was  demonstrated  by  labora- 
tory test  many  years  ago  that  no  damage  is  done 
by  the  freezing  of  concrete,  when  the  material  is 
permitted  to  remain  for  a  long  time  in  a  frozen 
condition  and  is  then  thawed,  and  the  hardening 
permitted  to  continue.  This  has  been  proven  by 
practical  results  with  concrete  work  construction 
in  the  Northwest  under  the  coldest  temperature 
conditions.  On  the  other  hand,  the  same  series  of 
experiments  demonstrated  that  concrete  once  froz- 


en and  permitted  to  thaw  and  again  to  freeze  and 
thaw  again  and  freeze  again  would  ultimately  lose 
all  its  strength.  The  Shust  building  collapse  is 
rather  a  remarkable  proof  of  this  fact  and  con- 
veys a  warning  to  many  building  contractors  doing 
work  in  varying  climatic  conditions.  The  original 
concrete  which  failed  was  poured  Nov.  13  and  14, 
191  i,  for  the  columns  and  spandrels  and  that  for 
the  roof  10  das.  later.  At  that  time  no  precautions 
were  taken  or  considered  necessary  to  protect  the 
concrete.  Nov.  8,  9  and  11,  the  temperatures  were 
from  27°  F.  to  32°  F.,  from  Nov.  12  to  15  there 
were  rain  and  a  small  amount  of  snow,  with  temper- 
ature varying  from  33°  F.  to  52°  F.  Nov.  I6,  the 
temperature  went  below  the  freezing  point  and 
continued  until  Nov.  24  and  25,  getting  as  low  as 
15°  F.  Nov.  18.  The  forms  were  removed  about 
the  middle  of  Jan.  and  the  roof  and  columns  were 
unsupported  until  the  time  of  the  failure  at  6  a.m. 
Feb.  11.  The  temperature  from  Jan.  10  to  Feb. 
10  was  below  freezing  and  at  9  p-m.  Feb.  10,  the 
day  before  the  collapse,  the  temperature  rose  above 
freezing  point  and  continued  above  until  the  time 
of  the  failure.  At  that  particular  time  the  build- 
ing was  heated  by  steam  from  the  interior. 

The  record  of  this  case  seems  to  be  so  clearly 
a  case  of  freezing  and  thawing  mortar  as  almost 
to  corroborate  in  a  large  way  the  experiments  made 
by  the  Baltimore  &  Ohio  R.  R.  in  Philadelphia 
in  the  early  80's  and  all  the  series  of  experiments 
on  freezing  and  thawing  mortar  which  have  been 
appearing  in  recent  scientific  publications.  The 
danger  seems  to  be  the  exposure  of  mortar  to  vary- 
ing conditions  of  temperature  and  certainly  the 
record  of  this  case  seems  to  prove  the  seriousness 
of  the  difficulty  to  be  apprehended. 

Water  in  the  3Iix 

nnHE  amount  of  water  required  to  produce  any 
particular  jilasticity  or  consistency  in  con- 
crete varies  so  greatly  with  the  proportions  of  the 
ingredients;  the  kind  and  fineness  of  the  cement; 
the  character,  porosity  and  dampness  of  the  aggre- 
gate; temperature  or  weather  conditions,  etc.,  that 
it  is  almost  impossible  to  give  any  hard  and  fast 
rules.  In  fact,  it  is  not  customary  to  specify  the 
amount  of  water  to  be  used  unless  the  proper  con- 
sistency and  the  amount  to  be  required  therefor 
have  been  previously  determined  by  trial  with  the 
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materials  to  be  used.  Even  if  tlic 
materials  were  all  sujjplied  under 
the  same  uniform  conditions,  the 
same  volume  of  water  would  not  pro- 
duce from  each  batch  a  concrete  of 
uniform  consistency  because  as  the 
concrete  is  laid  the  water  works  up 
through  from  one  layer  to  the  next, 
so  that  more  water  may  be  necessary 
early  in  the  morning  than  later  in 
the  day.  It  is  desirable,  neverthe- 
less, to  regulate  closely  the  amount 
of  water  per  batch,  as  better  results 
can  thus  be  secured. 

jMile-A-Miiuite   Concrete 
Work 

A  RUSH  job  out  in  Ohio  required 
some  novel  expedients  to  secure 
desired  results.  A  3  p.m.,  Jan.  9,  a 
contract  was  awarded  for  the  erec- 
tion of  a  one-story  structure  90'  x 
202'  in  size,  with  two  monitors,  for 
an  acid  building  for  a  storage  bat- 
tery company.  It  was  stipulated  that 
the  building  should  be  completed  by 
Feb.  1.  Considerable  concrete  was 
involved  and  on  account  of  this  and 
to  guard  against  the  effects  of  ad- 
verse weather,  a  circus  tent  150'  x 
350'  was  put  over  the  site.  Con- 
struction was  begun  at  6  a.m.,  Jan. 
10,  with  a  force  of  250  men  and  in 
16  das.  the  entire  job  was  completed, 
thus  enabling  the  lucky  contractor 
to  establish  a  construction  record  for 
"dead-of-winter"  work.  Not  only  is 
the  ingenuity  of  using  a  tent  to  make 
speed  possible  in  construction  to 
be  highly  commended,  but  so  far  as 
the  construction  itself  is  concerned, 
the  advantages  of  uniform  tempera- 
tures in  winter  concrete  construction 
cannot  be  overestimated. 

Shifting'  Sands 

T7  LOORS  and  sidewalks  are  among 
the  earliest  of  the  modern  works 
in  concrete.  And  for  all  that  one 
of  the  most  important  discussions  at 
the  American  Concrete  Institute  Con- 
vention was  on  floors — how  to  pre- 
vent dusting.  At  least  it  appears  to 
be  fairly  settled  that  fine  material 
must  be  absent  from  tlie  top  course. 
Fairly  coarse,  hard  stone  or  sand 
(none  of  it  passing  a  30-mesh 
screen)  is  recommended  and  hard 
stone  has  the  preference  over  sand. 
It  is  not  wise  to  consider  even  the 
aj)parently  simple  jjroblems  as  final- 
ly solved.  Somebody  is  sure  to  find 
a  better  way. 


Concrete  Under  the  ]\Iicros- 
cope 

A  N  entirely  new  aspect  of  the 
var\'ing  quality  of  concrete  is 
presented  by  Nathan  C.  Johnson. 
Mr.  Johnson  uses  a  microscope  to 
find  the  holes  and  the  unhydrated 
cement.  He  has  contributed  inter- 
esting discussions  of  his  findings  to 
recent  issues  of  the  Engineering  Rec- 
ord and  he  addressed  the  American 
Concrete  Institute  on  the  subject,  il- 
luminating his  remarks  with  lantern 
views  from  micro-photograplis.  In 
these  investigations,  there  are  two 
impressive  observations :  of  tlic  real 
density  of  concrete  and  the  extent 
to  which  unhydrated  cement  is  pres- 
ent. It  seems  that  a  eomjiarativcly 
small  part  of  the  cement  content  in 
concrete  actually  performs  its  func- 
tion, and  much  less  cement  might 
safely  be  used  if  all  which  is  used 
actually  assumed  its  share  of  the 
binding  function. 

The  P^n-amids  and  the  Doug- 
las Fir 

T  N  discussing  the  importance  of 
lightness  in  building  construction, 
Charles  E.  Fox,  Chicago  architect, 
told  the  American  Concrete  Institute 
Convention  how  we  had  come  a  long 
way  from  the  P\^ramids  to  the  mod- 
ern steel  frame  building,  yet  he 
pointed  out  that  the  works  of  human 
genius  are  still  very  far  from  the 
achievement  of  Mother  Nature  who 
produced  tlie  Douglas  Fir  and  the 
Stalk  of  Rye.  These  are  real  wonder 
works  in  the-  way  of  e  o  m  b  i  n  e  d 
strength  and  lightness. 

Changes  in  Editorial  Staff 

JEROME  COCHRAN,  C.  E.,  has 
"  resigned  iris  position  on  the  edi- 
torial staff  of  "Concrete"  and  Avill 
enter  the  contracting  field  in  Hous- 
ton, Tex.  Mr.  Coeliran  will  con- 
tinue the  special  articles  which  have 
been  appearing  under  his  name  in 
these  pages. 

C.  D.  Gilbert,  Newton  Highlands. 
Mass.,  has  joined  the  editorial  staff 
of  "Concrete"  in  the  capacity  of 
Associate  Editor.  Mr.  Gilbert  has 
been  actively  engaged  in  concrete 
construction  and  is  familiar  with 
many  of  tin;  ))r()l)]ems  of  the  man  on 
the  job. 


A  bottomless  box  for  a  1:2:5  mix- 
ture in  which  two  bags  of  cement  arc 
to  be  employed,  may  have  the  sand- 
box 2'  x  2'  X  11^/2"  inside  measure- 
ments, wliile  the  broken  stone  or 
gravel  box  should  be  2'  x  4'  x  1  ll/o"- 
For  other  combinations  the  necessary 
size  of  boxes  is  obvious  from  tliese 
measurements. 


Care  should  be  taken  to  see  that 
wlieelbarrows,  dump  carts,  or  what- 
ever conveyances  for  the  concrete 
material  are  to  be  used,  have  easy 
access  to  the  mixer,  and  the  mixer 
located  as  near  the  place  of  con- 
creting as  practicable. 


Wire  ties  may  be  used  to  secure 
forms  against  pulling  apart.  They 
may  be  wound  around  opposite  studs 
and  then  twisted  with  a  stick  as  a 
turnbuckle  until  the  studs  are  the 
proper  distance  apart.  To  remove 
the  forms  the  wires  are  cut  and  then 
trimmed  very  close  to  the  concrete 
surface. 
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Surface  Treatment  of  Concrete  Bridges  for 
Railway  and  Highway  Traflfic 


By  Albert  M.  Wolf,  C.  E." 


)NTiNEXTAi,  Ave.  Bridge,  Forest  Hills,  N.  Y.,  Long   Island  R.  R.     Stucco  ox  Concrete 


This  article  describes  in  detail, 
with  illustrations,  the  methods  of  sur- 
face finish  employed  on  several 
bridges  in  various  parts  of  the  coun- 
iry. 


The  structures  illustrated  and  de- 
scribed herein  give  a  very  clear  indi- 
cation of  the  popularity  of  certain 
methods  of  surface  finish  for  bridges 
and  give  some  idea  of  the  artistic 
possibilities  of  concrete.  It  is  grati- 
fying to  note  that  at  the  present  time 
so  much  attention  is  being  paid  to  the 
surface  treatment  of  railroad 
bridges ;  the  railroads  seem  to  have 
become  imbued  with  the  spirit  of  the 
limes  which  is  tending  toward  the  ar- 
tistic as  well  as  the  utilitarian  in 
bridge  design. 

Artistic  bridges  of  steel  are  costly 
and  therefore  quite  rare  in  this  coun- 
try ;  concrete,  however,  has  solved  the 
problem  of  artistic  design  because  of 
the  case  with  which  it  lends  itself  to 
esthetic  designs.  Concrete  bridges 
can  be  molded  with  pleasing  lines  at 
a  slight  increase  in  cost  over  a  struc- 
ture with  plain,  straight  lines,  and 
this,  in  a  measure,  accounts  for  their 
popularity. 

CONTINENTAI.     AVE.     BRIDGE,     LONG 
ISLAND   R.   R.,   FOREST  HILLS,  N.  Y. 

The  Continental  Ave.  track  eleva- 
tion  bridge    at    Forest    Hills    on   the 

^Prin.  Asst.  Engr.,  Coiulron  Co.,  Chicago 
April,  1915 


Long  Island  R.  R.  is  an  interesting 
example  of  the  possibilities  of  the 
architectural  treatment  of  a  plate 
girder  structure  by  masking  it  with  a 
concrete  portal  of  special  decorative 
design. 

The  structure  as  first  built  con- 
sisted of  decli  plate  girder  spans  with 
ballasted  floor  carried  on  steel  col- 
umns at  the  curb  lines  and  plain  con- 
crete abutments  at  the  street  lines. 
The  roadway  spans  are  40'  and  the 
sidewalk  spans  20'.  To  make  this 
structure,  with  its  plain  and  simple 
outlines,  harmonize  with  surround- 
ing structures,  almost  entirely  of 
concrete,  Grosvenor  Atterbury,  the 
architect  for  the  Sage  Foundation 
Homes  Co.,  at  Forest  Hills  Gardens, 
selected  the  scheme  shown  in  Fig.  1 . 

The  treatment  consists  mainly  of 
a  false  arched  screen  or  portal  of 
concrete  with  three  arches  of  small 
rise,  with  a  passenger  platform  sup- 
port built  in  front  of  the  plate  gir- 
ders. The  plane  of  the  arch  faces  is 
13'  out  from  the  center  line  of  the 
outer  girders  and  the  rise  of  the  arch 
is  such  as  to  expose  a  considerable 
portion  of  the  girders  below  tlie  in- 
trados  of  arches.  The  eff'ect  of  the 
arched  portal,  however,  is  not  inter- 
fered with  since  the  high  light  on 
the  arch  faces  makes  them  so  pro- 
nounced that  the  horizontal  line  of 
steel  work  13'  back  from  the  face  is 
scarcely  noticeable. 

The  stucco  facing  of  the  portals 
contains    a    considerable    percentage 
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of  broken  bits  of  red  roofing  tile 
wliich  produce  a  warm  pinkish  tone, 
distincth^  more  pleasing  to  the  eye 
than  the  cold  gray  tint  of  ordinary 
concrete.  A  much  smaller  percen- 
tage of  the  broken  tile  would  be  suffi- 
cient in  ordinary  work  to  relieve  the 
dead  gray  surface.  The  proportions 
used  in  this  work  were  as  follows : 
1  cu.  ft.  of  cement,  1  cu.  ft.  of  sand. 
^/3  cu.  ft.  of  V^-'m.  broken  tile  and 
1^2%  by  weight  of  black  oxide. 

The  projecting  ])arapet  with  the 
small  brackets  under  the  concrete 
posts  in  the  hand  rail  with  brick 
panels  and  concrete  top  rail  adds 
much  to  the  beaut}'  of  this  structure, 
which  presents  a  unique  solution  of 
the  problem  of  converting  an  ugly 
bridge  into  one  of  graceful  and  har- 
monious outline. 

THE    MORRIS    TURNPIKE    ARCH     AT    HO- 
PATCOXG,    N.    .T. D.    L.    &    W.    R.    R. 

The  Morris  Co.  turnpike  arch  on 
the  new  Slateford-Hopatcong  cut-off 
of  the  D.  L.  &  W.  R.  R..  is  a  fine  ex- 
ample of  the  simple  but  very  effec- 
tive surface  treatment  to  be  obtained 
by  rusticating  or  scoring  the  exposed 
surfaces,  as  shown  in  Fig.  2. 

The  bridge  is  a  three-track  struc- 
ture of  40-ft.  skew  span  Avith  a  rein- 
forced concrete  arch  ring  and  plain 
concrete  abutments,  wing  walls  and 
spandrels.  Concrete  of  a  1:3:5  mix- 
ture was  used  in  the  arch  ring  and 
for  all  ])lain  concrete  work  except 
the  coping  where  a  1  :2 : 1  mixture  was 
used.     All  concrete  of  exposed  sur- 
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Fig.  2 — Morris  County  Turnpike  Arch,  Hopatcong,  N.  J.     D.  L.  &  W.  R.  R. 
Rusticated  concrete  surfaces 


faces  was  carefully  spaded  when 
placed  in  the  forms  so  as  to  obtain  a 
uniform  surface,  free  from  voids. 
All  exposed  faces  of  parapets,  abut- 
ments and  wing  walls  have  horizontal 
V-shaped  coursing  joints  or  scorings 
about  1'  8"  centers.  The  extradosal 
line  of  the  arch  ring  is  delineated  by 
a  similar  false  joint  and  the  face  of 
the  arch  ring  is  marked  off  into  vous- 
soirs  or  ringstones  on  radial  lines 
extending  back  for  a  short  distance 
on  the  soffit  in  lines  normal  to  the 
face.  The  date  plate  at  the  crown  is 
so  molded  as  to  form  the  keystone  of 
the  arch.  The  coursing  joints  are 
2"  deep,  2I/2"  wide  at  the  face  and 
%"  at  the  back,  formed  by  nailing 
beveled  strips  to  the  forms.  All  hori- 
zontal construction  joints  were  made 
at  points  where  strips  were  placed 
so  that  in  no  case  would  they  be  very 
noticeable  on  the  surface. 

It  cannot  be  denied  that  the  ap- 
pearance of  this  structure  is  greatly 
improved  by  the  method  of  surface 
treatment  employed.  The  rusticated 
surface  effectually  hides  all  hori- 
zontal construction  joints,  breaks  up 
the  monotony  of  the  plain  surface 
and  renders  the  form  marks  practi- 
cally unnoticeable.  The  cost  of  the 
structure  was  increased  very  little  by 
this  rusticating  of  the  surface,  while 
the  beauty  of  the  bridge  was  greatly 
enhanced. 

OVERHEAD    HIGHWAY    ARCH    AT    SOUTH 
PARK,   FALL   RIVER,   MASS. 

A  reinforced  concrete  highway 
arch  bridge  over  the  tracks  of  the  N. 
Y.,  N.  H.  &  H.  R.  R.  R.,  at  South 
Park,  Fall  River,  Mass.,  comj)letcd 
in  1912,  is  notable  for  its  excellent 
appearance  due  in  a  measure  to  the 
method  of  surface  treatment.  This 
arch  over  three  tracks  has  a  clear 
span  of  82'  6"  with  an  actual  rise  of 
9'  2"  and  an  apparent  rise  of  14' 
10",  as  shown  in  Fig.  3. 

The  spandrel  walls,  plain  con- 
crete, gravity  sections  are  finished 
off  with   a  corbeled    coping    and     a 


paneled  handrail  of  reinforced  con- 
crete. The  abutments  are  of  plain 
concrete  with  straight  wings.  The 
roadway  is  of  brick  on  a  concrete 
base  and  is  25'  wide,  flanked  on 
either  side  by  two  8-ft.  sidewalks. 

The  soffit  of  the  arch  was  rubbed 
with  carborundum^  stone  after  re- 
moving forms,  and  any  voids  found 
were  grouted  so  as  to  leave  the  con- 
crete with  a  smooth  surface. 

All  exposed  surfaces  of  the  bridge 
have  a  1 :2  mortar  surface  finish, 
placed  at  the  time  of  pouring  con- 
crete by  means  of  iron  facing  plates 
placed  about  1"  from  the  forms  and 
moved  up  as  concreting  progressed. 

The  balustrade  posts  and  rail  in- 
side and  out,  spandrel  walls — ex- 
cept the  triangular  panels — the  ex- 
posed parts  of  the  arch  ring,  wing 
walls  and  abutment  faces  below  the 
springing  were   finished  as   follows: 

After  removing  the  forms  the 
concrete  was  thoroughly  washed  off 
with  a  brush  arid  rubbed  with  a 
coarse  No.  I6  carborundum  stone, 
bringing  the  surface  to  a  lather. 
After  the  rough  projections  were  re- 
moved the  lather  was  washed  off 
with  a  brush,  the  concrete  again  wet 
down  and  dusted  with  a  1  :1  dry  mix- 
ture of  cement  and  sand.  This  mix- 
ture was  rubbed  into  the  surface 
with  a  No.  16  carborundum  stone, 
care  being  exercised  not  to  allow  any 
mortar  to   remain    on    the    surface. 

^Carboruncliim  Co.,  Niagara  Falls,  N.  Y, 


The  final  rubbing  was  then  done 
with  a  No.  30  or  fine  carborundum 
stone. 

The  triangular  inset  panels  in  the 
spandrel  walls  at  either  side  of  the 
crown  between  the  extrados  of  arch 
ring  and  spandrel  coping  and  the 
handrail  panels  were  bush-hammer- 
ed when  the  concrete  had  become 
quite  hard.  This  treatment  affords 
a  very  pleasing  contrast  to  the 
rubbed  surface  of  the  rest  of  the 
structure. 

Fig.  3  do^ '#61  display  as  well  as 
it  might  the  excellent  results  ob- 
tained by  the  combination  of  these 
two  methods  of  surface  finish  for 
concrete  structures.  The  beauty  of 
the  bridge  can,  however,  be  readily 
seen. 

THE  YARDLEY  BRIDGE,  PHILADELPHIA  & 
READING  RY. 

The  surface  treatment  employed  on 
the  new  double  track  arch  bridge  of 
the  P.  &  R.  Ry.  over  the  Delaware 
river  at  Yardley,  Pa.,  is  especially 
good  and  is  worthy  of  note  because 
of  the  rather  unusual  method  of  ob- 
taining the  finish. 

The  bridge,  completed  in  1912,  is 
l,-ii5'  6"  long,  composed  of  11 
arches  of  90'  9"  span  and  three  arch- 
es of  85'  11"  span,  as  shown  in  Fig. 
4.  The  width  of  the  structure  is  36' 
and  the  height  is  70'  above  mean 
low-water  level.  The  arch  rings  of 
reinforced  concrete  are  of  the  five- 
centered  type  with  a  rise  of  So'  and 
a  crown  thickness  of  3'  6". 

The  projecting  pilasters  above  the 
piers  are  paneled  and  marked  off  in- 
to horizontal  courses  by  triangular 
grooves  or  scorings.  The  arch  rings 
are  divided  into  false  ringstones  in 
a  similar  manner  and  the  spandrels 
above  the  rings  have  triangular  inset 
panels. 

All  showing  faces  of  the  structure 
except  the  concrete  railing  posts 
were  spaded  while  the  concrete  was 
being  placed.  The  posts  were  bush- 
hammered  after  the  concrete  had  be- 
come quite  hard.  The  forms  were 
lined  with  sheet  metal  and  the  spad- 
ing against  these  produced  a  very 
smooth  and  uniform  surface.  The 
original  specifications  contemplated 
a   granolithic  finish  throughout,  this 


Fig.  3 — Overhkad  Highway  Arch,  Fall  River,  Mass. 
Rubbed  and  l)nsli-}iammered  concrete  surface 
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Fig.  4 — Delaware  River  Bridge  at  Yardley,  Pa.    Phila.  &  Readin^g  Ry. 
Spaded  and  rusticated  concrete  surfaces 


surface  to  be  scrubbed  and  washed  so 
as  to  expose  the  particles  of  granite 
in  a  uniform  manner,  or  bush-ham- 
mered— the  choice  between  these  two 
methods  of  finish  being  left  to  the 
contractor.  The  contractor  pre- 
ferred and  was  granted  permission 
to  use  metal  lined  forms  and  to  spade 
the  faces,  at  the  same  time  agreeing 
to  produce  a  finish  equal  to  the  grano- 
lithic in  all  respects.  From  Fig.  4 
it  appears  that  the  finish  obtained 
was  entirely  satisfactory  to  the  rail- 
way company. 

The  general  appearance  of  the 
structure  is  greatly  enhanced  and 
rendered  more  pleasing  by  the  sim- 
ple decoration  of  the  surface  by  rus- 
ticated joints  or  scorings. 

INDEPENDENCE       BOULEVARD       BRIDGE, 
B.  &  O.,  C.  T.  R.  R.,  CHICAGO 

The  Independence  Boulevard 
track  elevation  structure  of  the  B.  & 
O.,  C.  T.  R.  R.  at  Chicago  is  one  of 
the  finest  structures  of  its  kind  in  the 
city.     This  bridge — a  steel  structure 


with  concrete  portals — spans  one  of 
the  finest  boulevards  of  the  West  Chi- 
cago Park  System,  and  was  designed 
and  executed  with  the  one  idea  in 
mind  that  it  should  add  to,  rather 
than  detract  from,  the  beauty  of  the 
boulevard.  About  15  different  de- 
signs were  studied  before  one  was 
found  which  the  railroad  company 
saw  fit  to  present  to  the  Park  Board. 
This  design,  the  one  after  which  the 
structure  was  built,  met  with  the 
unanimous  approval  of  the  Board  and 
it  is  safe  to  say  that  they  have  not 
regretted  the  selection.  It  is  partly 
shown  in  Fig.  5. 

The  bridge  is  a  four-track  struc- 
ture, 250'  long,  consisting  of  nine 
spans  of  five  longitudinal  plate  gir- 
ders carried  on  steel  columns  and 
plain  concrete  abutments.  The  road- 
way spans  near  each  end  of  the 
bridge  are  of  35-ft.  span ;  the  inter- 
mediate or  parkway  spans  are  of  25' 
7"  centers;  the  east  end  span  (right 
end  in  Fig.  5)  over  sidewalk  is  2i' 
6"  and  the   span  over  west  walk  is 


81'  6"  c.  to  c.  The  concrete  bridge 
floor  is  carried  on  transverse  steel 
beams. 

The  exterior  girder  spans  are  en- 
cased in  concrete  so  as  to  give  the  ap- 
pearance of  a  masonry  structure  of 
nine  arches  of  comparatively  flat 
rise,  with  massive  but  simple  and  ar- 
tistic treatment  of  portals. 

The  roadway  arches  are  the  larg- 
est and  of  greater  rise  than  the  others 
and,  quite  properly,  tlie  most  ornate. 
The  columns  or  piers  of  the  road- 
way arches  project  about  16"  be- 
yond the  face  of  arch  with  sloping 
buttresses  projecting  about  3'  be- 
yond the  main  portion.  The  main 
part  of  these  buttressed  piers  or  py- 
lons is  carried  up  to  some  height 
above  the  top  of  arches  and  is  finish- 
ed off  with  a  projecting  concrete 
medallion.  The  sloping  concrete 
coping  merges  with  a  projecting  me- 
dallion   above   the    crown    of   arches 


•^s*-  jk^v 


Fig.  6 — Detail  of  Pier — Ixoepexdexce 
Blvd.  Bridge,  Showing  Character  of 
Surface 


Fig.  5 — Ixdepexdexce  Blvd.  Bridge,  Chicago.    B.  &  O.,  C.  T.  R.    R. 
Rubbed  concrete  surfaces 
April,  1915 
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Fig.  7 — Tacoxy  Ckkf.k  Arch  Bridge,  PitiT.ADKi.Piii.v 

Scrubbed   and   nisticatcd   surfaces  witli  dark   shade  a<2;s>re<>atc  ex;)()sed 


K  ^  WW 


Fig.  S — SiMii  A(i:   Imnisii  oi'  I  ()\t!!i;i:: — 
Tacony  Ckkkk  Arch  (see  Fig.  7).    Full 
-SiZK  \\v.\\' 

wliicli  is  of  more  elaborate  design 
than  those  on  the  )iyh)ns. 

The  arches  of  tlie  sidewalk  and 
tlie  parkway  s])ans  have  a  rise  of  only 
.S"  above  the  toi)s  of  fillets  of  2-ft. 
radius  at  tlie  columns.  A  coping  of 
the  same  detail  as  that  on  roadway 
spans  is  used  on  these  spans  but  is 
carried  across  the  spans  with  a  level 
top.  The  steel  columns  encased  in 
concrete  are  2'  x  2'  and  unornament- 
ed. 

The  concrete-  used  for  this  work 
was  a  mixture  of  1  part  cement  and 
.^  parts  of  crushed  limestone  varying 
from  1/)"  to  dust,  no  sand  being  used. 
All  edges  and  corners  of  concrete 
were  given  a  ^-in.  bevel.     The  steel 


I'lG.  10 — SrRFACE  FixiSH  Gravers  I.axe 
l^RiDGi:  (Fig.  9)  Showing  Character  of 
SfR  I'Aci;   (Full  Size) 

girders  and  eohnnns  were  wrapped 
with  a  No.  28  triangle  mesh,"  to  fur- 
nish a  positive  bond  for  the  concrete 
and  to  prevent  expansion  and  con- 
iraction   cracks. 

Although  no  S})eeial  mortar  facing 
was  used,  a  fine  surface,  free  from 
stone  pockets,  was  obtained  by  thor- 
oughly spading  the  concrete  next  to 
the  forms  at  the  time  of  placing, 
and  using  a  stone  aggregate  varjn'ng 
from  V2"J"-  size  to  dust.  After  the 
forms  were  removed  and  the  con- 
crete has  seasoned  and  hardened  to 
some  extent  the  form  lips  and  ridges 
were    ehi])])ed      and      filed      off"    with 

=Aiii.  Steel  ^  Wire  Co.,  Chicago 


Fig.  f)     (iiiwKKs  Lam:   ]$iiii)ge  Over  I'iiii.adki.i'mia   &  Keadixo   Uv.,  Piiii.adei.i'hia 
Scrubbed   and   rusticalcd   surface  witli  small   ])cbl)lcs  cxj)t)^ed 


chisels  and  coarse  rasps.  The  sur- 
face was  then  wetted  thoroughly 
and  rubbed  with  a  coarse  carborun- 
dum brick  until  the  surface  was  fair- 
ly smooth ;  then  a  tliin  wash  of  ce- 
ment and  sand  was  applied  and  al- 
lowed to  harden.  The  final  rubbing 
was  done  with  a  fine  carborundum 
brick  until  all  of  the  cement  wash 
had  disappeared  and  the  surface 
was  as  smooth  as  possible.  All  con- 
crete, including  the  abutment  faces, 
was  treated  in  this  manner.  This 
finish  is  fine-grained,  rendering  the 
concrete  more  nearly  imi)ervious,  and 
has  a  much  lighter  color — gra3^ish 
white — than  can  be  obtained  by  any 
other  method  with  the  same  mate- 
rials. Fig.  6  shows  the  details  of  one 
of  the  buttressed  pylons.  It  is  of  in- 
terest to  note  that  the  cost  of  orna- 
mentation of  this  bridge — 250'  long 
— was  much  less  than  that  of  the 
Ogden  Ave.  Viaduct  hereinafter  de- 
scribed, which  is  only   135'  long. 

The  beauty  of  this  bridge  was  not 
attained  by  the  use  of  a  great  deal  of 
ornamentation  and  paneling,  but  by 
the  simple  corbeled  coping,  the  but- 
tressed pylons,  the  smooth  rubbed 
concrete  surface  and  the  symmetry 
and  balance  of  proportion  of  the 
structure  as  a  whole. 

TAfONY    rRp:EK    ARCH    BRIDGE,    PHILA- 
DELPHIA 

The  Boulevard  bridge  over  Ta- 
cony  Creek  and  Ashdale  St.,  Phila- 
delphia, built  in  I9O8,  is  notable  for 
its  splendid  surface  finish.  This 
bridge,  consisting  of  three  segmental 
arches  of  80'  in  clear  span,  is  100' 
wide  and  designed  for  highway  traf- 
fic only  (see  Fig.  7).  All  parts  of 
the  structure  except  the  ))arapets  are 
of  rubble  concrete  without  reinforce- 
ment of  any  kind.  The  i)arapets  are 
of  reinforced  concrete. 

The  arch  rings  are  marked  off  into 
false  voussiors  of  ringstones  by  V- 
shaped  grooves,  while  the  j)ier  abut- 
ment and  s))an(lrel  surfaces  have 
horizont.-il  coursing  grooves  formed 
by  nailing  triangular  beads  to  the  in- 
side of  forms.  The  curved  wing 
walls  and  ))r()jeeting  bastions  over 
the  piers  surmounted  by  an  ornamen- 
tal concrete  handrail  of  pleasing  de- 
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sign  add  greatly  to  the  appc-francc  of 
tlie  structure. 

The  full-size  reproduction  of  the 
surface  finish  (Fig.  8)  shows  very 
clearly  the  excellent  texture  obtain- 
ed. The  coarse  aggregate  is  a  dark 
shale  stone  screened  to  the  size  gen- 
erally used  for  roofing.  The  meth- 
od used  in  obtaining  this  finish  is 
given  briefly  in  the  following: 

All  showing  faces  have  a  grano- 
lithic facing  composed  of  1  part  ce- 
ment, llo  parts  coarse  sand  or 
gravel,  and  21/2  parts  granolithic 
grit,  mixed  into  a  stiff  mortar.  This 
granolithic  grit  consisted  of  a  dark 
shale  stone  passing  a  %-in.  sieve.. 
This  mixture  was  deposited  by  skill- 
ed workmen  against  the  vertical  face 
forms  to  a  thickness  of  at  least  \"  at 
the  same  time  as  the  concrete  back- 
ings so  as  to  form  an  integral  part 
of  the  work,  care  being  taken  to  pre- 
vent air-pockets  or  voids  in  the  sur- 
face. The  face  forms  were  removed 
as  soon  as.  the  concrete  had  suffi- 
ciently hardened  and  any  voids  were 
filled  with  the  same  mixture.  The 
surface  was  then  scrubbed  with 
brushes  and  water  until  the  grit  was 
exposed,  then  rinsed  clean  and  pro- 
tected from  the  sun  and  kept  moist 
for  3  das.  Bridge  seat  courses  and 
other  horizontal  surfaces  were  sur- 
faced with  the  same  granolithic  fin- 
ish to  a  thickness  of  at  least  IV2'' 
immediately  after  the  concrete  was 
tamped  and  before  it  had  set.  The 
facing  was  then  troweled  to  an  even 
surface  and  after  it  had  set  suffi- 
ciently hard  it  was  washed  until  the 
grit  was  exposed. 

All  horizontal  construction  joints 
were  made  at  the  apex  of  a  triangu- 
lar coursing  bead  so  as  to  hide  effec- 
tually the  otherwise  unsightly  joints 
between  successive  sections.  The 
concrete  balustrades  were  cast  in  iron 
molds  and  upon  their  removal  the 
surfaces  were  scrubbed  and  then  im- 
mersed in  clean  water  for  5  das. 
before  erection. 

The  combination  of  the  rusticated 
joints  and  the  scrubbed  surface  ex- 
posing the  granolithic  aggregate 
forms  a  very  pleasing  treatment,  the 
general  character  of  the  surface 
being  dependent  upon  the  kind  of 
aggregate  used. 

GRAVERS     LANE     BRIDGE     OVER     CHEST- 

XUT   HILL   BRANCH    P.    &   R.    RV., 

PHILADELPHIA,    PA. 

The  Gravers  Lane  Bridge,  Phila- 
delphia. Pa.,  built  in  19O0,  is  perhaps 
one  of  the  earliest  structures  the  sur- 
face finish  of  which  received  more 
than  ordinary  attention.  This  rein- 
forced concrete  arch  of  38'  clear 
span  is  a  highway  structure  with  a 
width  of  .'50'  (see  Fig.  9)-  The  arch 
ring  is  rather  flat,  being  a  three-cen- 
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tercd  arch  with  ,'i  ('(iitr.il  portion  of 
large  radius  in  ordi  r  to  obtain  the 
necessary  clearance  oxer  the  railroad 
tracks. 

The  arch  ring  is  divided  into  false 
voussoirs  and  the  spandrels  .'ind  abut- 
ments are  relieved  by  horizontal 
coursing  joints.  The  handrails  or 
parapets  are  solid  concrete  walls 
with  inset  panels. 

Fig.  10  gives  an  excellent  idea  of 
the  appearance  of  the  surface  finish 
of  this  structure.  This  finish  was 
obtained  in  the  same  maTUier  as  de- 
scribed in  detail  for  the  Tacony 
Creek  bridge,  the  only  difference  be- 
ing the  coarse  aggregate  of  the  fac- 
ing mortar,  which  in  this  case  con- 
sisted of  small  pebbles. 

The  general  appearance  of  the 
structure  is  very  pleasing,  due  in  the 
most  jDart  to  the  surface  finish. 

OGDEN   AVE.   VIADUCT,   B.    &    O.,    C.   T.    R. 
R.      CHICAGO,    ILL. 

The  Ogden  Avenue  viaduct  of  the 
B.  &  O.,  C.  T.  R.  R.,  is  a  structure 
\\\w\\  which  a  type  of  surface  treat- 
ment entirely  different  from  those 
previously  described,  was  used.  The 
bridge  is  a  steel  jalate  girder  struc- 
ture— 1.'>;)'  long  between  abutments 
— the  ])ortals  of  which  are  encased 
in  concrete  and  decorated  with  red, 
blue  and  yellow  Moravian  tile,  with- 
out paneling  or  other  ornamentation, 
as  shown  in  Fig.  1 1 .  Curved  abut- 
ments with  ornamental  concrete 
lamp-posts  at  the  ends  are  other  ar- 
chitectural features  of  the  bridge. 
Two  more  lamp-posts  are  placed  at 
about  the  third  points  of  the  struc- 
ture over  the  roadwaj^  columns.  The 
lamp-posts  were  cast  in  plaster 
molds,  the  coarse  aggregate  used  be- 
ing a  crushed  granite.  After  the  re- 
moval of  molds  the  surfaces  Avere 
washed  with  dilute  muriatic  acid  and 
scrubbed  with  fibre  brushes  to  ex- 
pose the  aggregate. 

The  concrete  mixture  used  for  the 
])ortal  was  composed  of  1  part  ce- 
ment and  l  parts  of  crushed  lime- 
stone graded  from  1  .'>-in.  size  to  dust. 


When  the  forms  for  the  fascia  gir- 
ders w(!rc  built  small  blocks  of  wood 
were  nailed  to  the  forms  wherever 
the  tile  was  to  be  placed.  These 
wooden  blocks  were  made  of  the 
same  shape  as  the  tile  inserts  which 
were  to  replace  them,  and  were  about 
1/^"  larger  than  the  latter.  After 
removing  the  forms  the  tile  blocks 
were  set  in  place  with  cement  grout 
and  the  entire  surface  washed  with 
dilute  muriatic  acid  and  scrubbed 
with  fibre  brushes. 

Although  the  general  apjjearance 
of  the  structure  when  viewed  from  a 
distance  is  good,  it  cannot  be  said 
that  the  treatment  is  all  that  could 
be  desired  when  seen  at  close  range. 
The  cement  grouting  used  in  setting 
the  colored  tile  has  cracked  a  great 
deal  and  rendered  these  portions 
rather  unsightly.  This  seems  to  be 
the  main  fault  with  this  type  of  ar- 
chitectural treatment,  which  is  more 
expensive  than  any  other  method 
herein  described.  Wherever  a  rich 
cement  grout  or  mortar  is  used  on  a 
concrete  of  leaner  mixture  there  is 
sure  to  be  trouble  from  cracking  of 
the  mortar  on  account  of  its  rela- 
tively great  shrinkage,  and  it  is 
therefore  best  not  to  use  cement  mor- 
tar on  concrete  in  any  kind  of  deco- 
rative treatment. 

CEDAR  AVE.  BRIDGE,  CLEVELAND  SHORT 
LINE  RAILWAY,  CLEVELAND,  OHIO 

The  Cedar  Ave.  track  elevation 
bridge  on  the  Cleveland  Short  Line 
Ry.  is  a  two-sj^an  plate  girder  bridge 
encased  in  concrete  to  give  the  ap- 
pearance of  two  arches  of  flat  rise, 
as  shown  in  Fig.  12.  An  ornamental 
balustrade  or  parapet  wall  hides  the 
tops  of  steel  girders.  The  abutments 
are  of  plain  concrete,  paneled  to  har- 
monize with  the  remainder  of  the 
structure.  The  exposed  surfaces  of 
concrete  were  rubbed  with  carborun- 
dum bricks  until  a  uniformly  smooth 
surface  was  obtained. 

In  the  track  elevation  work  of  this 
railway  many  other  bridges  Avere 
built  and  the  methods  of  surface  fin- 


FiG.  11 — Ogdex  Ave.  Viaduct,  Chicago,  III.    B.  &  O.,  C.  T.  R.  R. 
Surface  decorated  with  colored  tile 
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Fig.  12 — Cedah  Ave.  Bridci:,  Ci. t:\r.i, and,  O. 
Rubbed  and  paneled  concrete  surface 

ish  used  were  quite  varied.  Some  of 
the  methods  employed  are  given  in 
the  following  which  is  abstracted 
from  a  paper  by  A.  J.  Himes,  Engr. 
of  Grade  Elimination,  C.  S.  L.  Ry., 
in  Bulletin  No.  l60,  Am.  Ry.  Eng. 
Assn. 

Particular  pains  were  taken  to  re- 
move all  form  marks  and  other  de- 
fects from  the  surfaces  of  concrete. 
The  cheapest  method  and,  in  general, 
the  most  satisfactory,  was  to  bush- 
hammer  the  surfaces.  Such  work 
cost  about  4  cts.  per  sq.  ft.  while 
rubbing  with  carborundum  bricks 
cost  from  4  cts.  to  10  cts.  per  sq.  ft., 
depending  upon  the  character  of  the 
surface. 

In  order  to  retain  good  surface  ap- 
pearances all  laitance  must  be  re- 
moved from  the  tops  of  all  layers  of 
concrete.  The  deposition  of  laitance 
can  be  prevented  by  proper  care  in 
filling  forms,  that  is,  by  drawing  off 
the  surplus  water  from  the  concrete 
at  the  rear  of  the  masonry. 

Where  surfaces  had  to  be  patched 
they  were  carefully  cleaned,  soaked 
■with  water  and  a  mortar  coat  formed 
of  comparatively  thin  layers  thrown 
on  forcibly  with  a  trowel  was  ap- 
plied. Each  layer  was  permitted  to 
harden  before  the  application  of  the 
next.  Such  work  has  gone  through 
three  winters  without  signs  of  fail- 
ure. 

Iron  trowels  were  never  used  in 
finishing  the  surface.  By  rubbing 
the  concrete  with  wooden  floats  wliile 
it  was  still  green,  rough,  sandy  sur- 
faces resembling  Cleveland  sand- 
stone were  secured.  This  excellent 
finish  was  secured  at  a  less  cost  than 
bush-hammering  if  there  were  no 
surface  defects  to  be  removed. 

In  cases  where  it  was  desired  to 
expose  the  aggregate,  the  mortar 
while  green  was  bruslied  away  with 
wire  brushes.  In  order  to  obtain  a 
good  finish  of  this  sort  the  aggre- 
gate must  be  uniform  in  size  and 
placed  uniformly  and  this  is  not  eas- 
ily done. 

Very  beautiful  surfaces  were  ob- 
tained by  bush-hammering  a  concrete 
made  with  quartz  gravel. 
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COLORED  TILE   USED   IN  DECORATION 

OF  PARAPETS  OF  THE  66tH  AVE. 

ARCH  BRIDGE,  PHILADELPHIA 

Colored  tile  were  used  in  the  deco- 
rative scheme  for  the  66th  Ave.  arch 
bridge  over  the  North  Pennsylvania 
R.  R.  at  Philadelphia,  a  bridge  witli 
a  40-ft.,  15°  skew  span  80'  wide.  The 
arch  is  elliptical,  built  of  plain  con- 
crete 2'  thick  at  the  crown,  with  a 
minimum  clearance  over  tracks  of 
16'.  The  spandrel  walls  are  of  the 
gravity  type  with  a  heavy  molded 
coping  and  a  solid  concrete  parapet 
or  handrail,  the  inside  of  which  is 
decorated  with  colored  tile  panels 
and  the  outside  with  ordinary  re- 
cessed panels,  as  shown  in  Fig.  13. 

The  showing  faces  of  spandrels, 
wing  walls  and  outside  of  parapet 
are  of  a  rough  texture  obtained  by 
using  a  facing  mixture  of  %-in. 
crusher-run  stone  and  scrubbing  the 
surface  the  day  after  pouring.  This 
treatment  is  of  the  same  character 
as  that  used  on  the  other  Philadel- 
phia bridges  mentioned  herein.  In 
addition  to  this,  the  spandrels  and 
wings  have  the  flat  surface  relieved 
by  horizontal  coursing  joints  of  a  V- 
shape. 

The  departure  from  the  general 
practice  for  surface  treatment  of 
Philadelphia  bridges  is  in  the  use  of 
dull    glazed,    Grueby    tile    of    differ- 


ent colbrs,  in  the  street  side  of  the 
parapet  walls.  The  bridge,  being  in 
a  fine  residence  district,  demanded 
an  appropriate  architectural  treat- 
ment, and  ornamental  tile  panels 
were  therefore  decided  upon  as  suit- 
able for  the  portions  of  the  bridge 
showing  from  the  roadway. 

From  Fig.  13  it  will  be  seen  that 
tlie  tile  panels  are  set  flush  with  the 
concrete  backing  and  that  the  use  of 
various  sized  and  shaped  pieces  aid- 
ed materially  in  obtaining  the  de- 
sired results  The  predominating 
color  of  the  tile  used  is  a  terra  cotta 
red,  with  enough  dark  green  and  blue 
intermingled  to  emphasize  and  give 
character  to  the  design. 

The  parapets  were  poured  in  the 
late  fall  of  1913  and  boxes  were  set 
in  forms  to  produce  recesses  in  the 
concrete  3"  deep  to  receive  the  tile 
and  these  boxes  were  left  in  place  un- 
til the  next  spring,  when  they  were 
removed  and  the  tile  set.  Rods  of 
^"  diam.  were  embedded  in  the 
concrete  so  as  to  project  into  the  re- 
cesses and  were  laced  together  in 
various  directions  with  wire  before 
putting  in  the  cement  mortar  back- 
ing for  tile.  The  backing,  with  a 
thickness  of  2",  was  thus  securely 
anchored  to  parapet  and  by  placing 
the  tile  immediately  the  whole  panel 
was  made  an  integral  part  of  the 
structure.  The  tile  work  was  finish- 
ed by  pointing  with  neat  cement  and 
scrubbing  with  weak  acid  to  remove 
cement  stains,  then  washed  to  remove 
acid  and  coated  with  linseed  oil. 

Tile  inserts  have  been  used  in 
other  bridges  as  herein  mentioned  but 
they  have  not  been  entirely  success- 
ful because  the  tile  panel  was  not  of 
the  same  size  or  shape  as  the  recess 
left  in  the  concrete  to  receive  it  and 
also  because  the  tile  panels  were  not 
made  so  nearly  integral  with  the  con- 
crete as  was  done  in  this  case.  With 
the  proper  precautions  exercised 
there  is  no  doubt  that  this  method 
of  treatment  can  be  made  very  satis- 


Fio.  13 — 66th  Ave.  Abch  Bridge  at  Philadelphia 
Colored  tile  used  in  decoration  of  parapets 
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factory  and  by  selecting  the  proper 
motif  for  the  case  in  hand  the  beauty 
of  a  structure  can  be  greatly  en- 
hanced. 

.CONCLUSIONS 

From  the  preceding  it  can  be  read- 
ily seen  that  rubbing,  brushing  while 
still  green,  and  bush-hammering  are 
the  most  popular  methods  of  treat- 
ing concrete  surfaces.  The  use  of 
horizontal  coursing  grooves  to  break 
up  the  monotony  of  the  plain  con- 
crete surface  is  quite  often  resorted 
to  in  connection  with  any  one  or  all 
of  the  above  mentioned  methods  of 
surface  finish.  The  cost  of  these 
three  methods  of  treating  surfaces 
is  about  the  same,  varying,  in  gen- 
eral, from  about  II/2  cts.  to  4  cts. 
per  sq.  ft.,  depending,  of  course, 
upon  the  character  of  the  surface 
to  be  finished;  the  cost  of  bush-ham- 
mering will  in  many  cases  run  much 
higher  than  the  price  named — some- 
times exceeding  10  cts.  per  sq.  ft. 
If  the  surface  is  plain  and  free  from 
elaborate  ornamentation,  moldings, 
etc.,  the  cost  will  be  very  close  to  the 
lower  figure  and  if  elaborate  and 
cut  up  by  panels,  etc.,  the  cost  of 
4  cts.  will  be  exceeded.  In  so  far 
as  cost  is  concerned  there  is  little  or 
no  basis  or  ground  for  the  selection 
of  any  one  type  of  surface  treat- 
ment. The  selection  should  there- 
fore be  made  after  a  careful  study 
as  to  the  finish  best  suited  to  the 
design  in  hand  and  the  surroundings. 

A  combination  of  brushed  and 
rubbed  surfaces,  or  rubbed  and  bush- 
hammered  surfaces,  often  works  out 
to  very  good  advantage,  the  contrast 
between  the  finishes  being  very  no- 
ticeable and  pleasing  as  shown  by  the 
illustrations  presented  herewith.  For 
small  structures  the  rubbed  surface 
is  perhaps  the  most  harmonious  and 
effective,  the  surface  being  smooth, 
of  fine  texture  and  otherwise  of  an 
inconspicuous  character.  A  brushed 
surface,  exposing  a  colored  aggre- 
gate, is  also  suitable  for  small  work 
and  allows  a  wide  range  of  treat- 
ment. 

On  large  structures  where  consid- 
erable contrast  between  various  parts 
is  necessary  to  produce  the  proper 
architectural  effect,  the  use  of  bush- 
hammered  and  rubbed  surfaces  is  to 
be  especially  recommended.  For 
large  bridges,  generally  viewed  only 
at  some  distance  away,  the  beauty  of 
the  brushed  surface  is  lost  and  there- 
fore it  should  not  be  used.  The 
question  of  texture  in  this  case  is  not 
paramount;  the  main  desire  is  con- 
trast. 

By  breaking  up  a  concrete  surface 
into  small  panels  or  courses  by  hori- 
zontal coursing  joints  the  prominence 
of  the  form  marks  is  relieved  and 
very   little   further   treatment   is   or- 
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dinarily  necessary  if  the  form  work 
has  presented  a  fairly  good  inner 
surface.  A  small  amount  of  rubbing 
will  in  general  be  all  that  is  neces- 
sary to  render  a  pleasing  finish. 
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Action    of    Reinforced 
Crete  in  Fire 


Con- 


Leonard  C.  Wason,  Pres.  of  the 
Aberthaw  Construction  Co.,  Boston, 
makes  a  careful  report  of  observa- 
tions on  the  Edison  fire,  in  the  course 
of  which  he  says: 

It  is  to  be  remembered  that  concrete 
poured  in  large  sections,  after  setting  and 
during  the  hardening  process  of  several 
months,  shrinks,  producing  internal 
stresses.  It  is  impossible  to  anneal  the 
material,  or  to  do  anything  to  relieve 
these  stresses  in  the  material.  The  steel 
bars  embedded  in  the  concrete  cross 
many  of  these  lines  of  stress,  and  tend 
to  hold  the  whole  mass  from  cracking. 
If  a  heavy  blow  is  struck  or  if  heat  ex- 
pansion takes  place,  cracks  are  likely  to 
occur  at  the  points  of  worst  stress.  Be- 
cause of  this,  designers  and  insurance 
companies  have  insisted  that  no  less  care 
should  be  expended  on  sprinkler  protec- 
tion, cut-off  walls  and  all  other  means  of 
minimizing  the  extent  and  intensity  of  a 
fire  in  a  reinforced  concrete  building  than 
has  been  given  to  buildings  of  other 
types.  The  wisdom  of  this  course  is 
clearly  shown  in  the  fire  imder  considera- 
tion, where  these  principles  were  not  fol- 
lowed. 


Frederick  W.  Taylor,  Dead 

Frederick  Winslow  Taylor  died  of 
pneumonia  at  Philadelphia,  Mar.  21, 
1915.  He  was  best  known  in  the 
field  of  concrete  as  author,  with  San- 
ford  E.  Thompson,  of  Taylor  and 
Thompson's  Concrete. — Plain  and 
Reinforced  and  also  Concrete  Costs. 
The  latter  work  is  an  application  to 
the  concrete  field  of  Mr.  Taylor's 
principles  of  scientific  management. 
His  efficiency  investigations  into  the 
operations  of  industrial  plants  and  in 
field  operations  have  developed  re- 
markably the  correctness  and  worka- 
bility of  his  systems  for  economy. 
Mr.  Taylor  was  59  years  old.  He 
was  at  one  time  president  of  the 
American  Society  of  Mechanical  En- 
gineers. 


Progress  in  China 

One  of  the  signs  of  progress  in 
CJiina  since  she  has  established  a 
brand-new  government  is  the  devel- 
opment of  scientific  research  into 
concrete,  its  uses  and  elements.  The 
Engrg.  Soc.  of  China,  through  its 
report  of  a  special  Committee  on  Re- 
inforced Concrete,  has  made  a  num- 
ber of  tests  of  the  various  local  mate- 
rials in  that  country  and  has  made 
many  of  its  experiments  public. 

The  provisions  of  a  suitable  test- 
ing plant  was  a  matter  of  great  diffi- 
culty, and  the  purchase  by  the  Muni- 
cipal Council  of  Shanghai  of  a  com- 
pression testing  machine  was  helpful, 
as  permission  was  obtained  to  use 
this.  The  Municipal  Council  also 
assisted  financially  by  making  a 
grant  to  the  Society,  and  without 
this  timely  help  from  the  Council 
practically  nothing  could  have  been 
carried  out. 

Three  brands  of  cement,  all  of 
which  are  Chinese,  were  tested,  and 
these  were  foimd  to  comply  with  the 
British  standard  specification  in  each 
case.  Six  kinds  of  local  sand  were 
tested,  together  with  six  varieties  of 
local  stone,  and,  generally  speaking, 
these  were  all  found  satisfactory, 
with  the  exception  of  the  Soochow 
sands,  which  were  shown  to  be  in- 
ferior and  not  to  be  recommended. 

The  reinforcement  tested  consisted 
of  ordinary  round  and  deformed 
bars,  and  these  tests  were  conducted, 
by  the  permission  of  the  Chinese  au- 
thorities, at  the  Shanghai  Arsenal, 
the  machine  used  being  a  single-lever 
machine  (Wickstead's  Patent)  manu- 
factured by  Buckton  and  Co.,  Leeds, 
and  capable  of  exerting  a  pull  of  50 
tons  and  testing  material  having  a 
breaking  strength  of  300  tons  per  sq. 


There  is  no  definite  rule  as  to  the 
length  of  time  that  arch  centering 
should  remain  in  place;  the  time, 
however,  should  not  be  less  than  two 
wks.  for  spans  up  to  45'  if  the  arch 
is  back-filled  at  once;  when  the  cen- 
tering is  not  to  be  used  again  it  is 
better  to  let  it  stand  considerably 
longer.  Arches  of  small  spans  up  to 
15'  may  have  the  centering  removed 
in  about  a  week's  time.  For  very 
large  arches  the  problem  of  removing 
the  centering  becomes  a  special  one 
and  should  receive  the  special  atten- 
tion of  the  engineer. 


Broken  stone  should  be  nearly 
cubical  in  form,  as  thin,  flat  par- 
ticles will  not  pack  well.  The  shape 
of  the  fragments  has  an  important 
effect  on  the  proportion  of  voids  in 
the  mass. 
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Fig.  1 — Thi;  Canai,  Zovk  Adjiixistration-  BriLDixo  at  Balboa,   Siiowtxg  Teioiixai.s  axd  Towxsrre  and  Miiiafi.ores  I-ocks  in- 

THE    DiSTAXCE 


The  Manufacture  of  Hollow  Concrete  Block  in  the  Canal 
Zone — The  Administration  Building 


The  accompanying  notes  on  the 
manufacture  and  use  of  concrete 
structural  tile  or  block  by  the  U.  S. 
government  in  the  Canal  Zone  are 
prepared  from  descriptions  pub- 
lished in  The  Canal  Record,  supple- 
mented by  data  supplied  direct  to  this 
magazine  through  Gov.  Goethals,  by 
Frank  Holmes,  resident  engineer, 
who  also  sent  the  photographs  for 
the  accompanying  illustrations. 


Concrete  structural  tile  or  block 
are  being  manufactured  and  used  ex- 
tensively by  the  U.  S.  government  in 
the  Canal  Zone  in  the  construction  of 
permanent  buildings,  chief  among 
which  thus  far  is  the  new  adminis- 
tration building  at  Balboa. 

The  plant  in  which  the  units  are 
manufactured  is  at  Corozal.  The 
process   is    the   invention     of    A.     A. 

1176] 


Pauly/  It  employs  a  very  wet  mix- 
ture and  quick  release  from  tlie 
molds  is  made  possible  by  the  a))))!!- 
cation  of  steam  within  tlie  molding 
apparatus.  The  machines  being  used 
by  tlie  U.  S.  government  have  numer- 
ous improvements  over  the  original 
machines  made  and  used  in  this  coun- 
try. In  9  mos.  of  operation  from 
Nov.,  1913,  to  Aug.,  191t.  a  total  of 
902.. SOS  tile  or  block  of  various  sizes, 
frmu  .S"xl'2"xl2"  to  12"xl2"xl8". 
were  made. 

The  exclusive  right  of  manufac- 
ture on  the  Isthmus  was  acquired  by 
the  Canal  Commission,  and  Mr. 
P.iuly  personally  supervised  the  in- 
stallation of  the  molding  maehinf^ry. 

Concrete  for  the  block  is  mixed  in 
the  following  )iro])ortions:  S'^^  ]).\rts 
cement.  .S  ]);irts  Punta  Chame  sand, 
and  6  parts  stone  screenings  passing 

'^'oimsrstown.  Ohio 


1  2-i'>-  mesh  from  the  Aneon  (piarry. 
The  materials  are  lioisted  by  an  ele- 
v  itor  to  a  ])latform  at  tlie  top  of  the 
building  and  dumped  into  a  ^/2-cu. 
yd.  Smith''  mixer  (see  Fig.  ..). 
This  mixer  discharges  by  means  of  a 
2- way  chute  into  two  wooden  troughs, 
each  served  by  an  agitator,  consist- 
ing of  an  iron  rod  to  which  is  at- 
taelied  a  series  of  blades.  The  agita- 
tors move  forward  and  backward 
horizontally,  the  passing  of  the 
blades  through  the  mixture  serving 
to  keep  it  constantly  stirred  uj).  The 
object  of  the  agitators  is  to  ])revent 
the  concrete  from  stiffening  and  to 
give  it  the  proper  age.  The  agitator 
troughs  are  provided  with  valves,  one 
to  each  of  the  12  molding  machines. 
These  machines  are  arranged  in  two 
rows,  six  machines  on  each  side  of 
the  agitator  troughs,  and  are  capable 
of  ])rodueing  block  of  tlie  following 
sizes:   12"  x   12"  x    18"   for  founda- 
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tions,  or  walls;  8"  x  12"  x  12"  for 
main  walls;  8"  x  8"  x  UV  for  cor- 
ners; ()"  X  12"  X  12"  and  1."  x  12" 
X  12"  for  partitions,  and  3"  x  12" 
X  12"  for  interior  columns. 

Each  molding  machine  is  of  cast 
steel  construction  and  raised  a  short 
distance,  thus  placing  the  top  of  the 
machine  5'  5"  above  the  floor,  and 
each  machine  is  capable  of  turning 
out  four  block  at  a  single  operation, 
except  the  12"  x  12"  x  18"  machines, 
which  turn  out  three  block  per  opera- 
tion. The  forms  are  enclosed  within 
a  double  cast  steel  lining,  with  a 
space  between  for  the  admission  of 
steam.  In  molding  a  block,  the  first 
step  is  to  insert  a  cast  iron  frame,  or 
pallet,  having  the  shape  of  the  solid 
portion  of  the  required  block,  at  the 
bottom  of  the  mold ;  this  serves  as  a 
base  and  support  for  the  tile.  The 
valve  in  the  agitator  trough  is  then 
opened,  and  the  concrete  is  allowed 
to  flow  down  a  short  chute  to  the  top 
of  the  mold.  The  workman  in  charge 
of  the  machine,  using  a  trowel,  then 
diverts  the  thin  or  wet  concrete  into 
the  crevices  around  the  forms  until' 
all  are  filed  level  with  the  top. 
Steam,  which  may  be  graduated  to 
the  desired  pressure  by  a  series  of 
valves  located  beneath  the  machine, 
is  then  turned  on  for  a  period  of  !• 
min.  The  steam  causes  the  mix- 
ture to  heat  until  a  sufficient  amount 
of  moisture  is  evaporated  and  the 
thin  concrete  stiff"ened  so  that  it  will 
stand  alone,  when  it  is  turned  out  of 
the  mold  by  means  of  a  crank,  which 
pushes  the  pallet,  and  the  tile  which 
rests  upon  it,  upward  until  they  are 
in  the  clear  above  the  top  of  the  ma- 
chine. Careful  handling  at  this 
stage  is  necessary,  the  block  being 
lifted  from  the  mold  and  transferred 
to  short  lengths  of  wooden  planking 
placed  on  receiving  racks,  or  eleva- 
tors, by  means  of  a  wooden  device 
w'hich  clamps  the  sides  of  the  block 
closely  and  also  fits  beneath  the  pal- 
let. There  are  six  of  these  receiving 
racks  or  elevators,  so  constructed  that 
when  the  first  plank  or  shelf  is  load- 
ed with  tile,  the  turning  of  a  crank 
lowers  the  shelf  about  20"  and  an- 
other plank  is  placed,  for  loading,  on 
the  angle  iron  brackets  which  auto- 
matically appear  at  the  top  of  the 
rack ;  this  result  is  obtained  by  spac- 
ing, brackets,  at  equal  distances  of 
19%",  along  four  endless  chains 
which  pass  over  sprockets  actuated 
by  crank.  Each  elevator  has  a  capac- 
ity of  four  loaded  shelves.  The  ele- 
vators are  set  with  the  top  shelf  on 
a  level  with  the  top  of  the  tile-mak- 
ing machiner}^,  and  each  elevator 
serves  two  machines.  The  block  are 
removed  from  the  elevator  to  the  cur- 
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ing  rooms,  or  alleys,  by  a  special 
truck  provided  with  arms,  which, 
when  extended  under  the  elevator 
shelves,  and  raised  by  means  of  a 
lever  on  the  truck,  remove  the  planks 
and  their  loads  from  the  elevator, 
the  planks  resting  securely  on  the 
arras  of  the  truck  (see  Fig.  6). 

The  curing  rooms  consist  of  21 
galvanized  iron  compartments,  each 
a'bout  45'  long,  4'  wide  and  8'  high, 
entirely  enclosed,  and  equipped  with 
racks  in  tiers.  Twelve  of  these  com- 
partments are  situated  on  one  side 
of  the  plant,  and  12  on  the  other.  In 
these  rooms,  the  block  are  given  their 


perfecting  treatment,  which  consists 
of  a  combined  steam  and  water-drip- 
ping process,  calculated  to  facilitate 
the  setting  up  and  hardening  of  the 
concrete,  so  that  within  a  period  of 
21  hrs.  to  48  hrs.,  the  block  are  ready 
to  be  removed  to  the  storage  yard. 
Block  are  then  sprinkled  for  10  das. 

Each  mold  is  attended  by  one  man, 
with  a  helper  for  each  two  machines. 
Double  shifts  of  8  hrs.  have  been 
necessary. 

The  storage  yard  consists  of  a 
large  space  adjacent  to  the  plant  on 
the  west,  which  has  been  leveled  off, 
with  trucking  wavs  concreted  through 


Fig.   4 — ^Xox  a   Clear   Picture — Yet  Siiowixg   Layout  of  Troughs,   Agitators   akd 

MaCHIXES   IK    THE   PlANT   FOR    MAKING    HOM.OW    BloCK,   OR   TiLE 
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it.  A  railroad  track  for  loading  the 
block  on  cars  extends  along  the  outer 
side  of  the  yard. 

Each  unit  of  the  machincrj'  is 
operated  by  individual  electric  mo- 
tors, the  power  being  furnished  from 
the  Miraflores  station.  Steam  is  gen- 
erated by  two  boilers  located  in  a 
shed  outside  the  plant.  One  of  these 
boilers  Avas  taken  from  the  old  car- 
penter shop  at  Gorgona,  and  the 
other  from  the  stock  in  disuse  at 
Mount  Hope. 

Now  that  the  greater  portion  of 
the  erection  of  the  new  building  au- 
thorized has  been  accomplished^  the 
demand  for  the  larger  units,  used 
principally  in  exterior  walls,  has 
dropped  off,  and  the  principal  pres- 
ent demands  is  for  3-in.,  4-in.  and 
6-in.  block  (all  12"  wide  by  12" 
long),  for  use  in  interior  columns 
and  partitions. 

Work  on  the  smaller  block  is  being 
carried  on  to  the  capacity  of  the  ma- 
chines equipped  with  molds  of  these 
sizes.  The  output  of  the  Pauly  ma- 
chines originally  installed  in  the 
plant  has  been  supplemented  by  the 
use  of  four  hand-operated  machines 
for  smaller  units  made  by  the  dry 
process,  and  these  machines  were 
constructed  for  field  use  when  the 
building  operations  were  in  full 
swing. 

During  the  height  of  construction 
of  the  new  Administration  building, 
the  permanent  quarters,  and  the  elec- 
tric substations,  the  output  from  the 
Corozal  plant  was  not  sufficient  to 
meet  the  demand,  and  /additional 
equipment  for  making  similar  hollow 
concrete  block  by  the  dry  process  was 
installed  on  the  townsite  at  Balboa 
in  the  form  of  eight  portable  mold- 
ing machines.  Two  of  these  ma- 
chines made  block  3"  x  12"  x   14"; 


Fig.  5 — Detail  View  of  Hollow  Block  Just  as  Forced  Upwards  ox  Pallet  Out  of 
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two  made  block  3"  x  12"  x  12",  and 
four  made  block  4"  x  12"  x  12". 
The  block  made  by  the  two  machines 
first  mentioned  were  for  the  columns 
in  the  new  Administration  building; 
this  size  is  not  beiing  used  now. 
This  field  plant  produced  a  total  of 
30,000  block. 

The  field  machines  have  since  been 
transferred  to  Corozal  to  be  operated 
in  connection  with  the  Pauly  process 
plant.  They  are  wooden  structures, 
devised  by  concrete  foreman  and  car- 
penters at  Balboa,  and  each  occupies 
a  space  about  6'  long,  4'  high,  and 
4'  deejj.  Each  contains  a  trough, 
with  removable  ends  and  partitions, 
in  which  are  set  the  molds  for  four 
block,  each  3"  x  12"  x  12".  The 
moistened  concrete  material  is  de- 
posited into  the  molds  from  above  by 
hand,  and  tamped  by  means  of  a  mal- 
let and  a  steel  bar.  Each  machine  is 
operated  by  two  laborers,  the  mate- 
rial being  mixed  by  another  in  an 
adjacent     trough.      The     output     is 


Fig.  6 — Truck  for  CowEvrxo  Freshly  Made  Units  to  Curing  Racks 
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about  150  block  per  machine  in  each 
8-hr.  shift.  Materials  are  used  in 
the  same  proportions  as  for  the  wet 
process.  The  blocks  turned  out  have 
been  generally  satisfactory,  though 
showing  less  uniformity  and  greater 
breakage  than  those  manufactured 
by  the  wet  process. 

Since  the  first  units  were  turned 
out  several  improvements  have  been 
made  in  the  methods  of  operating  at 
the  plant,  which  have  made  it  possi- 
ble to  reduce  the  force  of  laborers  by 
about  one-half.  One  is  the  substitu- 
tion of  a  power-driven  tumbler  or 
rattler  for  hand  labor  in  removing 
particles  of  concrete  from  the  cast 
iron  pallets,  which,  inserted  at  the 
bottoms  of  the  molds,  form  the  bases 
on  which  the  block  are  handled  until 
they  harden,  when  the  pallets  are 
loosened  by  a  hammer.  Two  labor- 
ers operate  the  tumbler  and  do  work 
for  which  14  men  were  formerly  re- 
quired. 

Another  device  which  has  given 
general  satisfaction  is  a  washer  for 
cleaning  screenings.  The  screenings 
are  shoveled  from  the  cars  into  an 
inclined  trough,  about  10'  long,  at 
both  ends  of  which  are  powerful  jets 
which  throw  the  screenings  into  mo- 
tion. As  they  slide  down  the  flume 
they  fall  on  inclined  screens,  the  par- 
ticles of  rock  passing  through  into  a 
pile,  while  the  finer  particles  of  earth 
are  carried  away  by  the  water, 
through  a  discharge  flume.  In  addi- 
tion to  cleansing  the  screenings  me- 
chanically, and  allowing  a  reduction 
of  force  of  12  laborers,  the  washer 
has  done  away  with  dust,  which  was 
formerly  very  objectionable.  More- 
over, as  the  finer  particles  are  carried 
away  and  settle,  a  quantity  of  sand 
can  be  skimmed  off  the  top.  This  is 
used  to  a  great  extent  in  place  of 
Chame  sand  and  eff"ects  considerable 
saving  in  the  cost  of  material. 

Block  are  now  shipped  to  the  per- 
manent quarters  at  Balboa,  the  office 
building  for  Balboa  shops,  and  the 
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substations  at  Cristobal  and  Balboa. 
The  substations  are  still  using  all 
sizes,  but  at  the  other  points  the  con- 
sumption is  almost  entirely  confined 
to  the  smaller  sizes.  The  distribu- 
tion of  the  block  manufactured  at  the 
Corozal  plant  up  to  Aug.  10,  1914,  is 
shown  in  the  accompanying  table. 


the  main  court ;  concrete  sidewalks 
connect  all  the  entrances  of  the 
building  with  the  mviin  highways  and 
with  the  steps  leading  down  to  the 
railroad  station. 

The  paved  terrace  at  the  front  of 
the  building  is  50'  wide  to  the  center 
of  the  balustrade;  the  southeast  side 


Destination       3"x12"x12"  4"x12"x12"  6"x12"x12"  8"x12"x12"  8"x12"xI6"  12"xl2"xlf 

Permanent     quarters..   29,233  79,722  52,566  98,.'520  63,873  17,4tl 

Administration   BItlg...   36,316  39,900  22,867  53,863  15,731  18,621 

Mi raflores  substation..     8,443  18,016  6,006  16,020  10,105 

Gatun    substation     ...     8,088  12,516  4,253  12,989  1,032  10,381 

Shops    office    bldg 6,825  14,224  4,779  8,395  6,256  3,108 

Cristobal  substation   . .     9,869  11,729  8,539  8,404  1,099  7,432 

Balboa   substation    ...     4,291  10,851  2,756  11,768  2,190  5,526 

Total    shipped     103,065  186,958  101,766  209,799  90,181  72.614 

In    storage     6,226  4,958  2,311  80,707  32,148  11,595 

Grand   total    109,291  191,916  104,077  290,486  122,329  84,209 


Total 
341,35.'; 
187,118 
58,390 
49,259 
43,587 
47,072 
37,382 


764,363 
137,945 


902,308 


ADMINISTRATION    BUILDING 

The  Administration  building,  the 
most  important  structure  in  which 
the  concrete  units  have  been  used,  is 
on  the  northwestern  slope  of  Ancon 
Hill,  overlooking  Balboa,  the  first 
permanent  town  of  the  Zone.  The 
building  is  in  plan  in  the  form  of  a 
letter  E,  325'  on  the  front  and  each 
of   the  two   main   wings    182'    long. 

The  design  of  the  exterior  of  the 
building  adapts  the  Renaissance  of 
the  15th  century  in  Italy  to  modern 
building  conditions  and  materials  and 
to  local  requirements. 

The  front  and  the  outer  sides  of 
the  wings  are  characterized  by  a 
basement  story  about  5'  above  the 
ground,  and  a  two-story  colonnade  of 
square  columns,  supporting  the  third 
story  wall  and  the  eaves  of  the  roof. 

In  the  large  wall  area  over  the 
front  entrance,  at  the  third  story 
level,  a  decorative  inscription,  flanked 
by  two  cartouches,  has  been  placed. 
The  letters  are  sunk  in  a  V  section- 
and  are  10"  high;  the  cartouches 
bear  the  letters  U.  S.  and  C.  Z.  in 
monogram. 

CONCRETE   ON   THE   TERRACES 

The  building  is  surrounded  on  all 
sides  by  wide  concrete  paved  terraces, 
set  off  at  the  front  by  panels  of  lawn 
running  longitudinally,  and  bounded 
by  concrete  balustrades  at  the  outer 
edge.  The  center  of  the  court  side 
is  taken  up  bj'  a  large  circular  panel 
of  lawn  sloping  easily  away  from  the 
building,  around  which  roads  lead 
up  to  the  porte  cochere,  and  to  the 
wagon  doors  of  the  Paymaster's  and 
Collector's  offices  in  the  wings.  The 
latter  roads  are  4'  above  the  main 
court  level  at  the  ends  of  the  wings, 
making  necessary  a  low  retaining 
wall,  which  is  crowned  by  a  balus- 
trade. On  the  center  line  of  the  ends 
of  the  wings  a  short  flight  of  steps 
leads  from  this  upper  level  down  to 
is  l6'  wide,  and  the  northwest  side  is 
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12'  wide;  all  are  bounded  by  the 
balustrade,  which  is  constructed  of 
pre-cast  base  moldings,  pedestals, 
balusters  and  cap  moldings,  all  re- 
inforced and  cast  in  plaster  molds. 
They  were  set  up,  hooked  together 
with  steel  and  grouted  in,  after 
which  all  joints  and  defects  were 
pointed  up.  The  balusters  are  41/4" 
X  4I/2",  with  plain  small  caps  and 
bases ;  there  will  be  approximately 
1,000  of  them  used.  The  same  type 
of  balustrade  will  also  be  used  on 
the  ramp  retaining  walls  at  the  foot 
of  the  main  front  steps. 

CONCRETE    FLAGSTAFF 

On  the  broad  terrace  of  the  south- 
west, or  town  front,  of  the  Adminis- 
tration building,  a  reinforced  con- 
crete flagstaff  has  been  constructed, 
on  the  main  axis  of  the  building  and 
5Q'  away  from  it.  Its  position  at 
the  head  of  the  spacious  flight  of 
steps  from  the  terrace  to  the  main 
townsite  gives  it  added  prominence, 
and  it  can  be  seen  from  a  considera- 
ble distance.  The  top  of  the  pole  is 
70'  above  the  terrace  level ;  the 
foundation  extends  12'  below  it  and 
rests  on  natural  soil.  It  is  1 6-sided, 
and  has  a  diameter  of  8^^^"  at  the  top 
and  17"  where  it  joins  the  ornamen- 
tal base. 

It  is  reinforced  longitudinally  by 
8    square    bars,    which    are    l^^"    in 


Fig.  7 — Curxkg  Rooms 

diameter  at  the  base,  graduate  down 
to  %"  at  the  top  and  are  welded  to- 
gether at  intervals  to  form  continuous 
rods  from  top  to  bottom.  The  welds 
are  staggered,  so  that  they  do  not  all 
come  at  the  same  elevation.  Hori- 
zontal reinforcement  is  obtained  by 
the  use  of  hoops  of  %-in.  x  i,4-in. 
bars  spaced  every  4".  The  concrete 
was  a  1:1:2  mixture,  using  Chame 
sand  and  Ancon  rock ;  and  about  two 
cu.  yds.  were  used  for  that  part  of 
the  pole  above  ground,  excluding  the 
spreading  base  members. 

The  pole  was  cast  horizontally  on 
the  ground  in  wood  forms,  which  had 
to  be  constantly  adj  usted  to  keep  the 
pole  in  alignment,  due  to  the  settling 
of  the  fill  on  which  the  forms  were 
set  up,  and  to  blasting  in  the  neigh- 
borhood. Eighteen  das.  after  pour- 
ing, it  was  erected ;  stresses  were  de- 
veloped during  the  erection  much 
greater  than  would  be  caused  by  a 
hurricane  of  100  mi.  per  hr.  veloc- 
ity- 

The  lower  10'  of  the  pole  consists 


Fig.  8 — Hollow  Block  Piled  ik  Yard 
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of  a  spreading  octagonal  base  of 
flutes  and  plain  moldings,  with  a  seat 
and  a  platform  at  the  bottom.  Tliese 
members  were  all  ))re-cast  and  set 
up  after  the  pole  was  erected.  They 
are  about  3"  thick  and  heavily  rein- 
forced with  mesh.  The  pole  itself 
received  a  thin  coat  of  stucco  after 
erection  to  true  up  the  arrises  and  to 
remove  all  form  marks. 

THE    MAIN'    OUTSIDE    STAIRS 

On  the  center  line  of  the  build- 
ing, starting  at  the  flagstaff,  a  broad 
concrete  stair  leads  from  the  main 
terrace  to  the  Prado  below,  where  it 
gives  onto  the  plaza  at  the  foot  of 
hill.  It  is  to'  wide  at  the  main  por- 
tion, dividing  into  two  smaller  parts 
where  it  meets  the  semicircular  base 
of  the  flagstaff";  at  the  bottom  in- 
clined ramps,  normal  to  ihe  main 
stair,  carry  the  traffic  off  to  either 
side  of  the  plaza.  A  retaining  wall, 
crowned  by  a  b  ilustrade.  carries  the 
two  ramps  from  the  lowest  platform 
of  the  main  stair  down  to  the  plaza 
level. 

The  stair  has  four  flights  and  two 
ramps.  The  semicircular  flights  at 
the  top  are  20'  wide  and  have  18 
steps  each,  while  the  three  main 
flights  have  30  steps  each,  and  are 
10'  wide.  The  proportion  of  rise  to 
tread  is  6"  to  131/2'^  each  tread  hav- 
ing a  wash  of  1/4". 

Each  platform  is  drained  by  a 
concrete  gutter,  under  a  concrete 
grille,  through  the  cheek  wall,  21'  6" 
wide,  on  either  side  of  the  steps  to 
the  earth  terraces  on  either  side. 

Foundations  are  of  1 :3  r.')  concrete, 
without  reinforcement,  and  the  super- 
structure is  of  steel  skeleton.  Floor 
arches  are  of  l:2:t  concrete  rein- 
forced with  Clinton  wire  cloth.'  All 
stairways  are  of  reinforced  concrete, 
as  are  belt  courses  and  soflit  of  roof 
overhang.  Sills  are  of  concrete  cast 
in  wood  molds  with  rubbed  finish. 
Caps  and  bases  with  more  elaborate 
detail  were  cast  in  plaster  molds  and 
also  given  a  rubbed  finish.  The  fin- 
ish was  oUained  by  the  use  of  con- 
crete brick  composed  of  1  part  ce- 
ment and  2  parts  sand.  This  finish 
cost  all)out  4.  cts.  per  sq.  ft.,  using 
colored  labor  at  13  cts.  per  iir.  This 
included  cost  of  scaffolding.  Cur- 
tain walls  and  partitions  are  of  hol- 
low concrete  block. 

The  roof  slab  is  composed  of  saw- 
dust concrete,  1  part  cement,  4  parts 
sand  and  1  part  sawdust.  The  mate- 
rial was  mixed  as  a  moist  mixture  in 
a  Ransome*  mixer,  and  placed  in  the 
same  manner  as  ordinary  stone  or 
cinder  concrete  would  be  placed  in  a 
slab.      The    slab,    which    was    4"    in 


=Clinton   Wire  Clotli   Co.,   Clinton,   Mass. 
'Kansome    Concrete    Macliy.    Co.,    Diinellfii. 
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thickness,  was  reinforced  with  Clin- 
ton wire  cloth  and  had  sjians  ap- 
proximately ()'  in  length.  The  only 
advantage  obtained  by  the  use  of 
s/iwdust  concrete  was  that  it  per- 
mitted the  roofing  tile  and  felt  to  be 
nailed  directly  to  the  slab.  This  is 
covered  with  30-lb.  asphalt  felt  and 
dark  red  Spanish  tile. 

The  exterior  porches  and  corridors 
are  floored  with  Adamantine  red  tile, 
()"  X  ()",  set  in  Dykerhoff'  cement 
with  a  sanitary  base  of  the  same  ma- 
terial. The  rotunda  and  the  main 
stair  halls  on  all  floors  are  floored 
with  white  Italian  marble  mosaic, 
with  pink  Tennessee  marble,  hone 
finish,  borders.  Stair  treads  and 
risers  are  of  the  same  material.  The 
columns  in  the  rotunda,  first  fl^oor, 
are  of  polished  Pavanozzo  marble, 
each  column  being  a  monolith.  , 

The  walls  of  the  rotunda  and  the 
main  .stair  hall  on  all  floors  are  fin- 
ished in  white  cement  plaster.  1  part 
white  Medusa"  cement,  2  parts  sand, 
and  \''-2  part  Keene's  cement,  trowel- 
ed to  a  float  finish,  above  a  verde 
.'intique  marble  base  and  stair  strings. 

All  of  the  ceilings  throughout  the 
building  and  the  walls  of  the  office 
portion,  including  the  corridors  above 
the  .5-ft.  wainscot,  are  finished  in 
wihite  plaster.  The  wainscot  of  the  ' 
corridors  has  the  same  finish  as  the 
walls  of  the  rotunda  and  main  stair 
hall  but  finishes  upon  a  Dykerhoff 
cement  base.  The  walls  of  the  Board 
room,  third  floor,  from  the  cornice  to 
the  chair  rail,  are  finished  in  Keene's 
cement.  Below  the  .stair  rail  the 
finish  is  the  same  as  that  of  the 
rotunda  walls ;  base,  chair  rail  and 
picture  mold  are  of  solid  mahogany. 

All  of  the  office  floors  are  of  yel- 
low pine,  coinb-grained,  2V>"  wide, 
laid  on  3-in.x3-in.  redwood  sleepers. 
Hi"  o.  c,  embedded  in  cinder  con- 
crete, 1  :3  :6  mixture,  with  a  layer  of 
Neponset  paper*  between  the  floor 
and  the  fill.  The  cost  per  sq.  ft. 
above  the  concrete  slab  was  20  cts. 

The  walls  of  the  toilet  rooms  are 
finished  with  3"  x  6"  white  glazed 
tile  6'  (V  above  the  floor,  with  white 
pla.ster  above.  Partitions,  stiles,  etc., 
are  of  ])()lished  pink  Tennessee  mar- 
ble, and  floor  of  2-in.  hexagonal 
white  vitrified  tile. 

The  floor  of  the  basement  is  1  :3  i,') 
concrete  with  Portland  cement,  steel 
trcywel  finish.  The  walls  are  plas- 
tered with  Portland  cement  plaster. 
The  ceiling  is  finished  by  rubbing 
the  under  side  of  the  first  floor  arch 
with  a  concrete  brick.  All  of  the  ex- 
terior walls  are  stuccoed  with  a  wood 


•\Sandusky   Portland   Cement   Co.,   .S;in(ln.skv, 
Ohio 

"Hird  ^  .Son,  Kast  Walpoie.  Mas.s. 


float  finish,  stucco  composed  of  1 
part  Portland  cement,  2  parts  sand, 
and  1/4  part  of  limoid,'  this  with  the 
exception  of  the  belt  courses  and 
the    overhang    jircviously   mentioned. 


COXCRETE    StANDARO    FOR    A    BiRD    HoUSE — 

Residence  of  O.  C.   Barber,   Barbertok, 
Oirio 


Layers  of  concrete  should  not  be 
tapered  off",  but  be  built  with  square 
ends  and  when,  from  any  cause,  it 
becomes  impractical  to  complete  a 
la^^er,  a  plank  of  convenient  width 
should  be  secured  to  the  form, 
against  which  the  concrete  should  be 
rammed,  thus  m/iking  a  vertical  joint. 


Under  the  title  of  the  "Dawn  of  a 
New  Age,"  one  of  the  leading  Amer- 
ican cement  companies  pays  a  trib- 
ute in  its  advertising  matter  to  the 
wonderful  progress  concrete  is  mak- 
ing. It  shows  an  enormous  stone 
handling  ))lant  of  the  most  modern 
form  of  construction,  all  built  of  con- 
crete and  it  well  closes  its  summary 
of  the  "dawn  of  this  cement  age"  by 
saying  "It  is  a  significant  fact  that 
even  in  the  stone  handling  structures 
of  to-day  stone  for  convenience,  econ- 
omy and  greater  strength  is  being  re- 
j)laced  by  concrete." 


'Hydrated  Lime,  Cliarles  Warner  Co.,   Wil- 
mington, Del. 
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Building  Code  Regulation  of  Concrete  Block  and 
Other  Building  Units 


Ev   Harvkv  Whipple 


The  purpose  of  this  discussion  is 
to  bring  before  manufocturers  of 
concrete  block,  trim  stone  and  of  all 
building  units  of  factory-made  stone, 
the  matter  of  building  regulations 
affecting  their  products.  The  dis- 
cussion is  general  and  most  of  the 
suggestions  are  tentative.  It  is  an 
open  subject,  of  great  importance. 
It  affects  the  business  of  every  man 
who  makes  a  concrete  block  or  a  piece 
of  trim  stone  for  building  purposes. 
Every  ■  such  manufacturer  is  invited 
to  present  his  views — backed  iip  so 
far  as  possible  by  data  as  to  strength, 
ahsorptiveness  and  other  qualities  of 
his  own  products — (the  regular  com- 
mercial output)  and  of  competing 
products,  such  as  clay  brick  and 
natural  stone,   in    his   locality.     Any 


information  will  be  welcome  which 
throws  any  light  on  present  building 
regrdations,  on  market  prices  or  on 
the  general  character  of  concrete 
products  in  every  community. 

Attention  is  called  to  discussions 
in  the  Information  and  Consultation 
Department  this  month  along  the 
same  line  as  the  following  article. 
The  question  on  which  these  discus- 
sions are  based  is  from  Detroit, 
where  efforts  are  being  made  to 
amend  the  building  code  in  its  regu- 
lation of  concrete  block. 

This  is  a  live  subject.  Let  every- 
body help  in  threshing  it  out. 

The  data  thus  brought  together 
sJiould  help  manufacturers  to  cope 
v'i.th  their  local  building  code  matters 
as  they  develop. 


In  general  there  are  two  causes 
for  complaint  by  manufacturers  of 
concrete  building  units  with  regard 
to  building  regulations  affecting  their 
products. 

One  complaint  is  that  regulations 
are  too  exacting;  are  unfair  as  com- 
pared with  the  regulations  of  com- 
peting materials  or  too  restricting  in 
the  sense  that  concrete  units  are  not 
recognized  at  their  full  value. 

The  other  complaint  is  that  regu- 
lations are  inadequate  or  that  there 
are  no  regulations  at  all,  with  t]ie 
result  in  either  case  that  concrete 
building  units  are  being  discredited 
through  the  unrestricted  operations 
of  unscrupulous  or  ignorant  manu- 
facturers. 

Both  causes  of  dissatisfaction  are 
sources  of  much  anno^^ance  and  dis- 
couragement. Yet  the  situation  most 
in  need  of  prompt  remedy  is  in  the 
case  of  no  regulations  at  all  or  of 
inadequate  regulations,  either  condi- 
tion of  affairs  being  more  likely  to 
do  serious  harm  to  the  industry  of 
concrete  building  unit  manufacture 
than  is  the  inconvenience  of  too  much 
regulation.  It  is  remarkable,  how- 
ever, in  this  connection  that  there  are 
very  few  complaints  from  manufac- 
turers who  are  operating  under  no 
building  code  regulations,  while  there 
are  numerous  complaints  from  man- 
ufacturers wlio  feel  that  thev  are  the 
victims  of  too  much  regulation.  This 
is  true  in  spite  of — or  perhaps  be- 
cause of — the  fact  that  the  cities  and 
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towns  Avliich  have  any  ordinances 
regulating  concrete  building  unit 
manufacture  and  use  are  few  as 
compared  witli  those  which  have  not 
adopted  such  measures  for  public 
protection.  It  is  human  to  go  in  the 
way  of  least  resistance  and  tlien 
when  some  measure  of  resistance  does 
])resent  itself,  to  exaggerate  the 
strength  or  importance  of  the  oj^po- 
sition.  The  further  a  man  goes  with- 
out meeting  resistance,  the  less  cheer- 
ful is  the  ultimate  encounter. 

Some  manufacturers  will  do  their 
level  best  to  make  good  concrete 
building  units  even  when  they  are 
not  actuated  by  the  necessity  of 
meeting  building  code  requirements. 
These  manufacturers  should  be  very 
anxious  to  see  their  industry  placed 
under  regulations  which  will  main- 
tain high  standards.  It  is  only  in 
this  way  that  the  conscientious  manu- 
facturer is  released  from  a  galling 
competition  with  the  man  who  has 
been  taking  advantage  of  building 
code  laxity  to  make  the  cheapest  and 
))oorest  product.  Such  competition 
is  deadly  in  its  effect  on  an  industry. 
It  not  only  puts  the  conscientious 
manufacturer  under  a  strong  tempta- 
tion to  go  the  limit  in  the  same  direc- 
tion, but  it  forces  him,  whether  he 
does  or  does  not  yield  to  the  tempta- 
tion, to  suffer  the  evil  consequences 
of  the  use  of  poor  products  in  his 
community — whether  liis  competitor's 
or  liis  own.  He  not  only  suffers  the 
immediate  effect  of  tlie  price  compe- 


tition in  the  sac-rifice  of  legitimate 
profits  or  deterioration  of  product, 
l)ut  eventually  he  reaps  his  share  of 
the  harvest  of  public  displeasure 
when  the  poor  products  used  in  his 
conmiiniity  begin  to  develop  their 
weaknesses.  He  may  have  kept  up 
the  quality  of  his  own  products,  and 
still  suffer  from  the  reaction  which 
follows  the  use  of  his  competitor's 
))oor  products.  While  in  the  end, 
[)roviding  he  can  hold  out  long 
enough,  the  man  who  makes  the  good 
product  is  bound  to  win  and  get  the 
community's  business,  still  it  takes 
the  public  a  long  time  to  learn  to 
distinguish  the  good  from  the  bad 
and  it  requires  the  cumulative  influ- 
ence of  many  good  jobs  to  offset  the 
effect  of  one  failure. 

Building  regulations  are  of  no  less 
advantage  to  the  manufacturers  of 
the  products  regulated  than  to  the 
public  which  uses  the  products.  The 
public  should  adopt  regulations  to 
jjrotect  itself  against  inferior  mate- 
rials which  it  has  not  the  special 
knowledge  to  recognize  and  avoid. 
The  public  may  like  the  looks  of  a 
unit  and  ytt  have  no  idea  of  the  qual- 
ities it  should  have.  When  such  reg- 
ulations are  adopted  manufacturers 
are  benefited  by  being  put  on  an  even 
basis  for  competition.  The  manufac- 
turer who  is  paying  the  price  for 
carefully  selected  materials,  who  is 
using  equipment  and  maintaining  an 
organization  to  use  those  materials 
scientifically  in  the  production  of 
sound  and  attractive  building  units, 
will  not  be  handicapped  by  the  meth- 
ods of  competitors  who  are  less  thor- 
ough, perhaps  less  conscientious,  and 
who  can  produce  inferior  imits  at  a 
very  low  price. 

It  is  certainh^  desirable  that  con- 
crete building  units  be  standardized 
and  that  the  standard  shall  be  much 
higher  than  the  present  average.  If 
architects,  builders  and  the  public 
generally  are  indifferent  to  the  mat- 
ter of  desired  regulations,  the  manu- 
facturers should  take  the  initiative, 
with  the  necessary  steps  to  have  suit- 
able regulations  adopted. 

In  determining  the  various  require- 
ments several  things  are  to  be  con- 
sidered, and  the  following  are  offered 
as   suggestions : 

(1)  The  standard  should  be  within 
commercial  possibilities.  That  is,  the 
limitations  of  present  mechanical  de- 
velopment in  molding  equipment 
should  determine  the  standard.  It  is 
possible  to  make  concrete  stone  to 
test  at  4,000  lbs.  per  sq.  in.  in  com- 
pression, but  it  is  not  commercially 
feasible  when  the  unit  is  to  be  used 
to  compete  with  anything  but  high- 
jiriced  building  units.  It  is  possible 
to  make  concrete  stone  with  absorp- 
tion as  low  as  3%,  or  lower,  and  yet 
tliis  does  not  appear  to  be  a  thing  of 
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Building  Code  Regulations  of  Concrete  Block  in  27  Cities 


City  a'E 

QO 

Albany,    N.    Y '09 

Baltimore,    Md '08 

Birmingham,    Ala '12 

Buffalo,   N.   Y 

Chicago,    III '14 

Cincinnati,   Ohio    '13 

Cleveland,    Ohio    'u 

Detroit,    Mich '11 

Elizabeth,     N.    J '08 

Hoboken,    N.    J 'ii 

Indianapolis,    Ind 

Jersey  City,  N.  J '07 

Los  Angeles,  Cal '14 

Manchester,    N.    H 'u 

Memphis,    Tenn '14 

Milwaukee,    Wis '14 

Newark,    N.    J 'ii 

New    Haven.    Conn '12 

New  York,   N.   Y '13 

Philadelphia,   Pa '13 

Portland,    Ore '13 

Rochester,    N.    Y 'ii 

Springfield,    Mass '12 

St.    Paul,    Minn 'lo 

Syracuse,   N.   Y '13 

Waterbury,    Conn 'lo 

Worcester,   Mass 'i  i 


i!-§ll  II 

6S 
6S 
3S 
3S 
2S» 
note^ 
3S 
4S 
6S 
2S 
2S 


332 
452 
25 
3314 


35 
note= 
332 
331/3 
33 1^ 
33 


•=  =5  c< 


l.OOOG 

1.500 

1,000 


\5* 


ID'O  4> 

6£  ".a 

21 

28 
21 


1,500 
1,500N 
l.OOOG 
l.OOOG 
800G^ 
l.OOOG 


3S 

33% 

1.500N 

28 

1,500' 

16^ 

21 

OOF 

35 

700 

3S 

33 

l.OOOG 

21 

6S 

l.OOOG 

21 

3Si 

331/3 

1.500N 

28 

6S 

332 

1,000G3 

15^ 

28 

3S 

note^ 

note' 

7 

28 

3S1 

331/3 

450G 

15" 

3S2 

33 

1.500= 

3S 

l.OOOG 

21 

3S 

33 

l.OOOG 

28 

35F 

33  Vz 

1,500N 

4S 

33 

21 

Notes  Completikg  Above  Table 


'^Height — Chicago,  permissible  for  resi- 
dences, garages,  stables  and  apartments. 
Cincinnati,  used  where  brick  are  permis- 
sible. Los  Angeles,  hollow  block  not  per- 
mitted for  exposed  walls  in  certain  dis- 
tricts; other  districts  limited  to  two  stor- 
ies. "Artificial  Stone,  made  of  Portland 
cement  and  incombustible  and  fireproof 
and  waterproof,  may  be  used  as  substitute 
for  natural  stone,  providing  no  bearing 
members  in  buildings  over  three  stories 
contain  more  than  15%  of  lime  or  lime- 
stone." New  York,  height  also  limited  to 
36'.  Rochester,  height  also  limited  to  43'. 
Springfield,  height  also  limited  to  40'. 

^Hollow  Space — Albany,  33%,  1-story 
and  2-story  walls;  1st  story,  25%  for  3- 
story  and  4-story  walls;  1st  story,  20% 
and  2nd  story  and  3rd  story,  25%  for  5- 
story  and  6-story  walls.  Baltimore,  45% 
for  1-story  and  2-story;  1st  story,  35% 
for  3-story  and  4-story  walls;  1st  story, 
25%  and  2nd  story  35%  for  5-story  and 
6-story  walls.  Detroit,  same  as  Baltimore 
for  1,  2,  3  and  4  stories.  Elizabeth,  hol- 
low space  limited  to  25%  for  3  lower 
stories  of  5-story  and  6-story  walls. 
Philadelphia,  33%  for  1-story  and  2- 
story;  1st  story,  25%  for  3-story  and  4- 
20%  and  2nd  story  and  3rd  story,  25% 
for  5-story  and  6-story  buildings.  Port- 
land, Ore.,  45%  in  1-story  and  2-story 
walls;  1st  story,  35%  in  3-story  walls. 

^Crushing  Strength,  28  das.,  lbs.  per  sq. 
in. — Indianapolis,  strength  at  30  das.  in- 
stead of  28  das.  Memphis,  strencth  of 
1,500  lbs.  required  at  8  das.  Philadelphia, 
average  strength  1,000  lbs,  gross  area,  no 
block  to  fall  below  700  lbs.  Portland, 
Ore.,  1,500  lbs.  average,  in  no  case  below 
700  lbs.  Springfield,  Mass.,  1,500  lbs.  at 
30  das. 

'Percent  of  Absorption — Baltimore, 
average  7,  maximum  10.  Birmingham, 
average  15,  maximum  18.  Cleveland, 
average  7,  maximum  10,  block  immersed 
'72"  face  down  48  hrs.  Detroit,  average 
5,  maximum  7,  total  immersion  48  hrs. 
(The  most  unreasonaljly  severe  restriction 
found  in  27  cities.)  Memphis,  average 
16,  maximum  22.  Philadelphia,  average 
15,  maximum  20,  %"  immersion  face  down 
48  hrs. 


"Block  may  be  used  in  5  das.  if  cured 
by  steam. 

Marks  of  Identification — The  marking 
of  block  to  identify  manufacturer  is  re- 
quired in  Birmingham,  Detroit,  Hoboken, 
Manchester,  Memphis,  Milwaukee,  New- 
ark, New  York,  Portland,  Springfield, 
Syracuse  and  Worcester.  Block  are  re- 
quired to  be  marked  with  date  of  naanu- 
facture  in  Birmingham,  Memphis  and 
Newark,  and  in  Birmingham  the  mixture 
used  must  be  indicated. 

Party  Walls — Party  walls  must  be  solid 
in  Albany,  Birmingham,  Indianapolis, 
Manchester,  Milwaukee,  New  Haven, 
Springfield,  St.  Paul,  Syracuse  and  Wor- 
cester. 

Loads — In  Birmingham  block  may  be 
loaded  8  tons  per  sq.  ft.;  Buffalo  150  lbs. 
per  sq.  in.  of  net  area  (not  including 
hollow  space) ;  Cleveland,  200  lbs.  per  sq. 
in.;  Los  Angeles  requires  factor  of  safe- 
ty of  10;  New  York,  lOO  lbs.  per  sq.  in.; 
Philadelphia,  8  tons  per  sq.  ft.;  Water- 
bury,  Conn.,  100  lbs.  per  sq.  in. 

Thickness  of  Wall — -Thickness  of  wall 
is  the  same  as  required  for  brick  in  Bir- 
mingham (upper  story  may  be  8-in. 
block),  Buffalo,  Chicago,  Cincinnati 
(wherever  brick  are  permissible),  De- 
troit, Hoboken,  Indianapolis,  Jersey  City, 
Manchester,  Newark,  New  York,  Philadel- 
phia, Portland,  Springfield,  St.  Paul, 
Syracuse,  Waterbury,  Worcester.  In 
Cincinnati,  an  8-in.  lilock  wall  may  be 
used  where  9"  of  brick  arc  required.  (As 
a  matter  of  fact  this  is  the  customary 
practice  in  most  cities.)  In  Cleveland 
the  8-in.  block  wall  is  considered  1  brick 
thick.  In  Memphis  and  New  Haven  the 
block  wall  may  be  10%  less  in  thickness 
than  brick  walls. 

Thickness  of  Web  of  Hollow  Block — 
Jersey  City,  Manchester,  New  York, 
Syracuse  and  Waterbury  require  that 
webs  and  walls  of  each  block  shall  equal 
l^   of  the  height. 

Walls. — All  exterior  or  division  walls 
of  buildings  erected  shall  be  of  sufficient 
thickness  to  support  the  load  to  be  car- 
ried; but  in  no  case  shall  a  brick,  stone, 
concrete,  or  hollow  block  wall  be  less 
than  12"  thick. 
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commercial    feasibility    except   when 
the  price  is  to  be  high. 

(2)  The  standard  should  be  with 
some  consideration  of  acceptable 
standards  in  competing  materials. 
Here,  the  manufacturer  is  likely  to 
make  a  grave  mistake,  however,  if  he 
endeavors  to  keep  the  standard  for 
his  material  down  to  the  standards  of 
the  poorest  competing  materials. 
There  is  no  excuse  for  a  manufactur- 
er who  is  not  making  concrete  build- 
ing units  to  test  better  than  much  of 
the  common  clay  brick  on  the  mar- 
ket. Concrete  units  are  a  commercial 
possibility  with  higher  strength  and 
lower  absorption  than  most  common 
brick — selling  at  a  lower  price  with 
better  quality.  In  a  community  in 
which  common  clay  brick  will  show 
absorption  up  to  15%  and  20%,  it 
is  unjust  to  demand  concrete  block 
which  will  show  aJbsorption  of  5% 
only.  It  is  also  unjust  (to  the  pro- 
gressive concrete  products  manufac- 
turer) to  permit  the  use  of  concrete 
block  having  an  absorption  of  20%. 
Concrete  block  should  probably  be 
allowed  at  between  7%  and  10%  ab- 
sorption (face  immersed  I/2"  for  48 
hrs.  in  water,  face  of  block  being 
supported  above  bottom  of  vessel) 
and  at  a  crushing  value  of  1,500  lbs. 
per  sq.  in.  of  net  bearing  section  of 
block.  This  means  albout  1,000  lbs. 
gross  section  with  most  block  on  the 
market. 

[As  a  note  in  connection  with  these 
standards  of  quality,  manufacturers 
should  have  their  products  tested, 
fairly  and  impartially.  It  is  folly  to 
try  to  fool  the  public  long;  it  is  vast- 
ly greater  folly  to  try  to  fool  one's 
self.  Then  there  should  be  further 
investigation  of  what  relation  exists 
between  absorption  and  crushing 
strength.  Such  investigations  might 
indicate  different  suggestions  as  to 
strength  and  absorption  values.] 

(3)  There  appears  so  far  no  recog- 
nition of  concrete  of  very  high  qual- 
ity such  as  is  being  specified  by  some 
architects  in  important  building  con- 
struction in  place  of  high  quality 
limestone  and  occasionally  instead 
of  marble  and  granite.  Nor  is  there 
any  recognition  of  concrete  stone  of 
special  architectural  value.  Either 
the  many  possibilities  of  factory- 
made  concrete  stone  must  be  recog- 
nized in  a  building  code,  with  a  slid- 
ing scale  of  requirements,  or  else  the 
liigher  qualities  must  be  left  to  the 
individual  architect  to  specify  for 
each  job  according  to  his  idea  of  the 
requirements  and  his  knowledge  of 
what  degree  of  quality  is  possible  by 
particular  manufacturers  whose 
products  he  desires  to  use. 

Tlie  accompanying  tabulated  data^ 
as  to  building  regulations  in  various 
cities  give  an  idea  of  how  far  from 
standard  the  existing  regulations  are. 
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Tlie  following  paragraph  by  the 
writer  is  from  the  chapter  on  build- 
ing regulations  in  Concrete  Stone 
Manufacture.^ 

Local  building  regulations,  so  far  as 
they  restrict  the  use  of  a  given  material, 
are,  in  a  broad  way,  a  reflection  of  tiic 
popular  or  at  least  the  predominating  de- 
gree of  confidence  in  tiiat  material.  Ihis 
confidence  is,  to  some  extent,  a  product  of 
a  community's  experience  with  the  mate- 
rial in  question,  or  its  observation  of  it, 
or  of  a  reflected  experience  from  some 
other  community  wliich  lias  taken  tiie 
initiative  in  regulating  the  use  of  similar 
material.  The  natural  conservatism  fa- 
vors established  standards  and  tried  ma- 
terials, and  a  natural  slsepticism  judges 
a  material  by  its  poorest  samples,  dis- 
counts its  numerous  successes  by  its  few- 
er failures  and  establishes  standards  for 
defense  against  the  worst  which  may  be 
expected.  In  individual  cases  a  material 
might  sufi'er  from  discrimination  due  to 
the  legislative  influence  of  established 
commercial  interests  which  would  be 
called  upon  to  compete  with  a  newer 
product. 

Looking  squarely  at  this  situation  it  is 
obviously  the  part  of  wisdom  for  manu- 
facturers of  concrete  products  to  restore 
pubbc  confidence  where  it  has  been  lost 
and  to  build  up  confidence  where  it  has 
never  been  gained.  It  is  true  that  many 
conscientious  and  competent  manufac- 
turers are  working  against  odds  in  cor- 
recting public  misconceptions  and  remov- 
ing prejudices  which  have  become  estab- 
lished through  the  work  of  unscrupulous 
and  incompetent  manufacturers.  This, 
however,  does  not  alter  the  facts  of  the 
situation  in  the  least  and  does  not  in  the 
smallest  degree  afi'ect  the  necessity  of  a 
rehabilitation  of  an  industry  and  a  re- 
establishment  of  its  products  by  the 
strictest  adherence  to  good  practice  in 
every  manufacturing  operation. 

Suggested  Code  for  Small  Munic- 
ipalities 

In  addition  to  the  tabulated  data, 
following  are  the  requirements  for 
hollow  concrete  block  from  Code  of 
Suggested  Ordinances  for  Small  Mu- 
nicipalities, adopted  by  the  National 
Board  of  Fire  Underwriters: 

Limits  of  Height  and  Area. — ^Except 
as  specified  in  Section  21,  no  building 
hereafter  erected  within  the  corporate 
limits,  having  walls  of  hollow  terra  cotta 
or  concrete  block,  shall  exceed  three 
stories,  or  40'  in  height,  and  no  building 
hereafter  erected  or  altered  shall  exceed 
four  stories  or  55'  in  height,  unless  it  be 
of  fireproof  construction,  when  it  shall 
not  exceed  10  stories  of  125'. 

The  floor  area  between  fire  walls  of 
non-fireproof  buildings  shall  not  exceed 
the  following:  When  fronting  on  one 
street,  5,000  sq.  ft. ;  when  fronting  on  two 
streets,  6,000  sq.  ft.,  and  when  fronting 
on  three  streets,  7,500  sq.  ft.  These  area 
limits  may  be  increased  under  the  fol- 
lowing conditions   as   indicated: 

For  non-fireproof  buildings,  fully 
equipped  with  approved  automatic 
sprinklers,  50%. 

For  fireproof  buildings,  not  exceeding 
125'  in  height,  50%. 

For  fireproof  buildings  not  exceeding 
125'  in  height,  fully  equipped  with  ap- 
proved automatic  sprinklers,  100%. 


^Concrete    Stone    Manvfacture,    by    Harvey 
Whipple,  Concrete-Cement  Age  Pub.  Co. 


Walls,  excepting  party  and  fire  walls, 
for  all  buildings  of  other  than  tiie  dwell- 
ing house  class,  not  exceeding  five  stories 
or  65'  in  height,  shall  have  tiie  upper  two 
stories  not  less  than  12"  thick  increasing 
4"  in  thickness  for  each  two  stories  or 
fraction  thereof  below.  For  such  build- 
ings in  excess  of  five  stories,  but  not  ex- 
ceeding 10  stories  or  125'  in  height,  the 
top  story  shall  be  not  less  than  12"  thick, 
increasing  4"  in  thickness  for  each  two 
stories  or  fraction  thereof  below.  No 
two-story  increment  shall  exceed  30'  in 
height. 

Hollow  block  of  terra  cotta  or  con- 
crete when  used  for  bearing  walls  shall 
have  not  more  than  50%  of  cellular  space. 
Portland  cement  only  shall  be  used  in  the 
manufacture  of  concrete  block.  'I^e 
coarse  aggregate  shall  be  of  suitable  ma- 
terial graded  in  size,  but  in  no  case  shall 
the  maximum  dimension  exceed  one-half 
the  minimum  width  of  any  section  of  the 
finished  block.  Concrete  block  shall  not 
he  used  in  construction  until  they  have 
attained  the  age  of  28  das.,  or  developed 
the  strength  required  in  this  section.  All 
building  block  shall  be  laid  in  Portland 
cement  mortar. 

The  compressive  strength  of  building 
hlock  shall  in  all  cases  be  calculated  upon 
the  gross  area  of  the  bedding  faces,  no 
account  being  taken  of  the  cellular  spaces. 
The  average  ultimate  compressive  strength 
for  terra  cotta  block  laid  with  cells  ver- 
tical shall  be  not  less  than  1,200  lbs.  per 
sq.  in.;  the  average  for  concrete  block 
laid  with  cells  vertical  shall  be  not  less 
than  800  lbs.  per  sq.  in.  Concrete  block 
shall  be  not  more  than  36  das.  old  when 
tested.  The  average  strength  of  the 
block  as  here  given  shall  be  obtained  by 
testing  10  block  of  average  quality. 

The  allowable  working  stress  of  hollow 
building  block  shall  not  exceed  100  lbs. 
per  sq.  in.  of  gross  area  for  terra  cotta 
block,  or  75  lbs.  per  sq.  in.  of  gross  area 
for  concrete  block.  If  a  wall  be  built  of 
block  with  the  cells  horizontal,  the  al- 
lowable working  stress  shall  not  exceed 
30  lbs.  per  sq.  in.  of  gross  area. 

All  walls  and  partitions  in  schools,  hos- 
pitals, and  places  of  public  assemblage, 
over  one  story  high,  and  all  walls  and 
partitions  in  theatres,  shall  hereafter  be 
built  of  brick,  stone,  hollow  or  solid  block, 
or  metal  lath  and  Portlaand  cement  plas- 
ter on  metal  studding,  or  other  equivalent 
incombustible  construction. 

In  rows  of  frame  houses  the  dividing 
walls  or  partitions  between  houses  shall 
be  built  of  brick,  terra  cotta,  concrete  or 
other  incombustible  maiterial;  or  they  may 
he  built  of  4-in.  studs,  filled  solidly  with 
brick  work  laid  in  mortar,  or  with  other 
incombustihle  material.  If  lath  be  used 
on  such  partitions,  it  shall  be  metal  lath. 
Such  dividing  walls  and  partitions  shall 
rest  on  masonry  walls  and  shall  extend  to 
the  under  side  of  roof  boards.  A  flush 
mortar  joint  shall  be  made  between  the 
roof  boards  and  the  partition.  In  rows 
of  more  than  three  houses  every  alternate 
division  wall  or  partition  shall  he  con- 
structed of  solid  brickwork  not  less  than 
S"  in  thickness. 

Outside  the  fire  limits,  when  any  build- 
ing is  to  be  erected  of  brick,  stone,  hol- 
low block,  or  concrete,  that  could  under 
this  ordinance  be  constructed  of  wood, 
the  Chief  of  Fire  Department  or  other 
designated  official  is  hereby  authorized 
and  directed  to  allow  reasonable  modifi- 
cations of  this  ordinance  relating:  to  brick 
buildings,  in  consideration  of  the  use  of 
incombustible  material  instead   of  wood. 


threatened  with  a  buihling  code  reg- 
ulation which  would  be  confiscatory 
in  its  nature  and  such  a  situation 
must  be  fought  with  facts.  The  law- 
making body  should  be  shown  not 
only  what  regulations  are  in  force  in 
other  localities  but  they  should  also 
be  shown  evidence  of  the  worthiness 
of  the  local  products  which  are  to  be 
affected. 

A  peculiar  situation  developed  in 
Richmond,  Va.,  a  short  time  ago.  The 
way  the  matter  was  developed  may 
be  suggestive  to  other  manufacturers 
who  need  assistance.  The  city  of 
Richmond  absorbed  into  its  corporate 
limits  the  suburb  of  Brookland  Park. 
N.  J.  Steigleder  &  Son,  general  con- 
crete contractors  and  manufacturers 
of  concrete  block,  had  been  doing  a 
prosperous  business.  The  building 
code  of  the  city  did  not  recognize 
hollow  concrete  block.  Numerous 
/houses  and  other  buildings  in  which 
the  Steigleder  concrete  block  were 
used  had  satisfied  owners  and  occu- 
pants, which  testified  at  least  in  some 
measure  to  the  right  of  the  manufac- 
turers to  continue  to  exist  in  their 
line  of  work.  Yet  the  building  code 
situation  threatened  to  put  a  stop  to 
further  manufacture  of  concrete 
block. 

N.  J,  Steigleder  &  Son  at  once 
made  plans  to  submit  a  new  ordin- 
ance to  the  council,  yet  individual  ef- 
fort is  sometimes  not  enough  in  such 
cases.  In  this  particular  case  the 
manufacturers  obtained  letters  en- 
dorsing their  products  from  numer- 
ous users  and  these  would  be  sure  to 
have  considerable  weight.  In  addi- 
tion, the  company  appealed  at  once 
to  M.  Wetz stein,  of  the  Ideal  Con- 
crete Machinery  Co.,*  because  this 
company's  equipment  was  being  used, 
A  great  deal  of  correspondence  fol- 
lowed, resulting  in  placing  in  the 
hands  of  the  Richmond  manufactur- 
ers information  as  to  building  code 
regulations  for  small  cities  suggested 
by  National  Board  of  Fire  Under- 
writers (parts  of  which  have  already 
been  quoted)  and  numerous  other 
data.  In  short,  the  appeal  to  the 
council  for  recognition  of  concrete 
block  was  based  upon  a  mass  of  cor- 
respondence which  evidenced  a  recog- 
nition of  similar  products  in  other 
cities.  N.  J.  Steigleder  &  Son  did 
not  get  all  they  wanted  in  a  new 
code,  but  they  did  get  substantial 
recognition.  In  fact,  the  code  is  very 
lenient  in  the  matter  of  percent  of 
absorption  permitted  in  block,  but  is 
severe  in  limiting  the  use  of  block 
to  those  districts  onlj'  in  which  frame 
buildings  are  permitted.  Features  of 
the  new  ordinance  are  as  follows: 

Hollow  concrete  building  block  may  be 
used  for  the  erection  of  buildings  in  the 
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territory  in  wliich  frame  buildings  are 
permitted  when  their  use  is  approved  by 
the  Building  Inspector.  Buildings  not  to 
exceed  three  stories  or  35'  in  helglit. 

Concrete  for  block  to  be  composed  of 
1  part  standard  brand  of  Portland  ce- 
ment and  5  parts  aggregate,  equal  parts 
of  clean,  coarse,  sharp  sand  and  gravel, 
or  crushed  granite  free  from  dirt  or  for- 
eign matter,  not  larger  than  will  pass 
through  y2-in.  ring.  The  material  com- 
posing all  such  block  shall  be  properly 
mixed  and  manipulated. 

The  use  of  hollow  block  will  not  bo 
permitted  in  division  or  party  walls;  said 
division  or  party  walls  must  be  built  solid. 

The  hollow  space  in  said  block  shall 
not  exceed  33%  of  bed  area  for  block 
used  in  two-story  buildings  and  25%  for 
block  used  in  first  story  of  three-story 
buildings.  The  walls  or  webs  of  the 
block  shall  in  no  case  be  less  than  14  of 
the  height. 

The  thickness  of  walls  of  any  building 
wlicre  hollow  concrete  block  are  used 
shall  not  be  less  than  is  required  by  law 
for  brick  walls.  In  computing  the  thick- 
ness of  walls,  an  8-in.  block  shall  be  con- 
sidered one  brick  thick  in  wall  measure- 
ments. 

All  concrete  building  block,  before  be- 
ing used  in  the  construction  of  any  build- 
ing in  the  City  of  Richmond,  shall  have 
attained  an  age  of  at  least  4  wks. 

No  block  shall  have  an  average  crush- 
in.  when  the  block  are  tested,  (at  28  das.) 
ing  strength  of  less  than  1,000  lbs.  per  sq. 
where  the  strength  is  figured  on  the  effec- 
tive net  section. 

Provided,  that  no  hollow  building  block 
shall  be  used  in  the  construction  of  any 
building  in  the  city  unless  the  maker  of 
said  block  has  submitted  the  product  to 
the  full  test  required  by  the  Building  In- 
spector, who  may  also  require  a  renewal 
of  such  tests  from  time  to  time  to  insure 
that  the  standard  and  character  of  the 
work  are  kept  up. 

The  following  requirements  must  be 
met  to  secure  an  acceptance  of  the  mate- 
rials: The  modulus  of  rupture  for  con- 
crete block  at  28  das.  old  must  average 
150%  and  must  not  fall  below  100%  in 
any  case.  The  ultimate  compressive 
strength  at  28  das.  must  average  1,000 
lbs.  per  sq.  in.  and  must  not  fall  below 
700  lbs.  in  any  case.  The  percentage  of 
absorption  (being  the  weight  of  water 
absorbed  divided  by  tiie  weight  of  the 
dry  sample)  must  not  avcrace  liicher  than 
15%,  and  must  not  exceed  20%  in  any 
case. 


How  Design  and  Methods  of  Buying  Influence  the 
Cost  of  Steel  Reinforcing  Bars 


By  a.  D.  Mellor 


Bonding  new  to  old  concrete  is  a 
matter  that  requires  the  greatest 
care,  as  fresli  concrete  does  not  ad- 
here strongly  to  concrete  that  has 
set.  New  and  old  concrete  can  be 
joined  but  the  difference  in  the 
strength  of  sucli  a  connection  is  al- 
ways uncertain.  When  concrete  is 
being  laid,  there  is  always  danger 
when  ))art  of  the  work  lias  set  over 
niglit.  for  instance,  tliat  tlie  remain- 
der of  the  work  will  not  stick  to  the 
old  part.  Retaining  walls  will  occa- 
sionally give  evidence  where  one 
day's  work  ended  and  the  next  began, 
and  frequently  a  crack  will  occur 
along  this  line. 


Although  reinforced  concrete  is 
now  generally  accejited  by  engineers 
and  architects  throughout  the  world 
as  a  building  matrial  of  the  highest 
standing,  the  methods  of  handling 
some  of  the  details  of  reinforcement 
design  and  erection  show  room  for 
improvement.  When  we  begin  to 
teach  the  tj'ro  to  design  in  timber  and 
steely  we  impress  upon  him  the  neces- 
sity for  limiting  his  designs  to  the 
use  of  such  sticks  and  shapes  as  can 
readily  be  obtained  in  the  market 
without  extra  cost.  Judging  from  the 
orders  for  steel  which  the  reinforce- 
ment manufacturers  are  called  upon 
to  fill,  this  axiom  of  design  is  not 
generally  applied  to  concrete  work. 
But  standardization  and  simplifica- 
tion will  cut  costs  in  this  line  of  work 
just  as  surely  as  in  any  other. 

QUALITY 

Let  us  consider  first  the  question 
of  the  quality  of  the  steel  to  be  used 
in  a  concrete  structure.  Previous  to 
1910,  almost  every  designer  in  con- 
crete has  his  own  ideas  as  to  what 
quality  of  steel  should  be  used  in 
rolling  the  reinforcement.  This  did 
not  cause  any  serious  trouble  for  the 
mills  in  the  early  beginning  of  the 
use  of  reinforced  concrete,  but  when 
it  came  to  be  widely  used  and  the 
bar  reinforcement  tonnage  became  an 
important  factor  in  the  mills,  there 
was  great  confusion.  Separate  bil- 
lets had  to  be  made  for  each  different 
specification.  Finally,  the  situation 
became  im])ossib]c  and  the  manufac- 
turers conferred  witli  the  engineers 
for  cities,  railroads,  manufacturers 
and  other  large  users  of  reinforce- 
ment to  see  whether  or  not  the  quality 
specifications  could  be  standardized. 
The  result  was  the  adoption  of  the 
Assn.  of  Am.  Steel  Mfrs.'  Standard 
Specifications  for  Concrete  Rein- 
forcement Bars.  Tliese  provide  for 
the  use  of  either  the  old-fashioned 
square  twisted  bar,  or  the  more  mod- 
ern rolled  deformed  bar,  to  be  made 
of  either  open  hearth  or  Bessemer 
new  billet  steel.  Under  the  heading 
of  the  rolled  deformed  bar,  there  are 
two  divisions. — structural  grade  and 
hard  grade,  offering  a  choice  between 
the  medium  and  the  harder  grade  of 
steel.  This  specification  has  now  be- 
come widely  adopted,  because  it  is  a 

'Contract.  Engr.,  Concrete  .Steel  Co.,  N.  Y.  C. 


good  general  specification.  Large 
tonnages  of  this  quality  are  con- 
stantly going  through  the  mills, 
which  means  that  orders  calling  for 
rolling  under  this  specification  will 
be  shipped  in  the  shortest  possible 
time. 

It  is  practically  useless  for  an  en- 
gineer, or  architect,  to  try  to  write 
his  own  specification  giving  in  detail 
the  amount  of  carbon  and  phosphorus 
and  sulphur.  There  are  only  a  few 
men  in  the  country  who  know  enough 
about  metallurgy  to  undertake  such 
a  task.  Frequently,  when  the  speci- 
fication writer  makes  the  mistake  of 
treading  on  this  dangerous  ground, 
he  makes  a  joke  of  his  instructions  by 
calling  for  certain  bending  tests  and 
then  specifying  amounts  of  carbon 
and  phosphorus  which  would  make 
the  physical  properties  impossible  of 
attainment.  Every  specification  that 
calls  for  a  certain  elastic  limit  and 
ultimate  tensile  strength  and  also 
specifies  an  exact  amount  of  carbon 
is  a  joke  to  the  steel  manufacturer, 
because  he  knows  that  the  different 
sizes  of  bars  require  different 
amounts  of  carbon  to  produce  the 
same  physical  results. 

Not  only  is  it  wise  to  use  a  stand- 
ard specification,  but  it  is  advisable 
to  choose  the  one  most  generally 
used,  such  as  the  one  mentioned 
above.  On  most  contracts  it  is  found 
necessary  to  order  some  of  the  rein- 
forcement from  stock  in  order  to  get 
the  work  started,  to  take  care  of  ex- 
tra work,  or  to  finish  on  time.  As 
most  stocks  carried  in  this  country 
are  rolled  in  accordance  with  this 
standard,  its  use  would  obviate 
trouble  when  it  was  necessary  to 
substitute  stock  material  for  that 
rolled  at  the  mill.  This  is  especially 
important  in  the  case  of  public  work, 
where  endless  red  tape  is  necessary 
when  a  substitution  for  quality  must 
be  made. 

DEI^IVEUIES 

It  has  already  been  stated  that  de- 
liveries could  be  improved  by  speci- 
fying a  standard  quality  of  steel.  In 
order  to  make  this  clear  and  also  to 
explain  the  advantages  of  standard- 
ization in  other  ways,  the  handling 
of  a  bar  order  in  the  mill  will  now 
be  briefly  discussed. 

When  a  mill  is  asked  for  a  price 
and  a  statement  as  to  the  probable 
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time   for   shipment,   it   will   want   to 
know: 

(1)  Quality  of  steel; 

(2)  Number  of  shapes  and  ton- 
nage of  each ; 

(3)  Number  of  sizes  and  ton- 
nage of  each; 

(4)  Number  of  different  lengths. 
The  average  order  placed  with  the 

mill  is  not  large  enough  to  make  a 

rolling,  but  is  split  into  units   of  a 

single  size  and  shape,  each  of  these 

units   being   combined   with   a   large 

number  of  similar  units  from  other 

orders.     To  illustrate,  let  us  take  the 

following  single  order: 

15  tons  \V»-\n.  square  bars 
20  tons     %-in.  square  bars 

9  tons  %-in.  round  bars 
10  tons     i^-in.  square  bars 

5  tons     \i-\n.  square  bars 

If  this  order  were  placed  with  a 
■mill  it  would  be  split  into  five  dif- 
ferent parts.  The  first  item  would 
be  combined  with  a  large  number  of 
other  items  calling  for  l^/g-in.  square 
bars  from  other  orders  to  make  a 
rolling.  Although  the  second  and 
the  third  item  of  this  order  both  call 
for  %-in.  bars,  they  would  each  be 
treated  in  the  same  way  as  the  first 
item,  because  part  are  square  and 
part  are  round  bars.  If  the  orders 
coming  into  the  mill  with  this  order 
called  for  large  enough  tonnages  of 
1%-in.,  ll/g-in.,  %-in.  and  %-in. 
square  bars  to  make  rollings,  our 
1%-in.  and  %-in.  squares  would  be 
rolled  at  once  and  set  aside  to  wait 
for  rollings  of  %-in.  and  ^-in. 
squares  to  be  made  up.  The  next 
rolling  might  include  all  of  this  bal- 
ance with  the  exception  of  ^-in. 
squares.  This  would  mean  that  the 
^-in.  squares  would  determine  the 
speed  of  shipment  of  the  entire  order. 
Therefore,  it  is  clear  that  the  chances 
for  a  quick  shipment  decrease  as  the 
number  of  sizes  and  shapes  increases. 

Some  engineers  and  architects 
further  complicate  the  problem  by 
■calling  for  bars  of  odd  l6th  sizes, 
which  are  not  much  used.  From  what 
has  just  been  said,  it  is  clear  that 
this  very  materially  increases  the 
probability  of  a  slow  shipment. 
This  practice  not  only  increases  the 
number  of  sizes,  but  calls  for  sizes 
which  are  difficult  to  match  with 
those  of  other  orders  to  make  a  roll- 
ing. These  designers  are  mistaken 
in  believing  that  they  are  working 
closer  to  their  calculations  and  cut- 
ting down  the  cost  of  the  work  by 
saving  steel.  By  using  square  and 
round  bars  in  %-in.  sizes,  and  bear- 
ing in  mind  that  considerable  varia- 
tion in  dimensions  of  beams  and  gir- 
ders is  possible,  they  could  avoid 
these  odd  sizes.  Also,  they  forget 
that  the  steel  costs  the  contractor 
more  because  he  has  to  pay  highei* 
size  extras  for  these  bars.  This  mat- 
ter of  extras  will  be  taken  up  later 
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under  another  heading.  Further- 
more, they  do  not  take  into  considera- 
tion the  fact  that  the  bars  must  be 
identified  on  the  work  and  placed 
by  ordinary  workmen  who  will  have 
difficulty  in  selecting  the  proper  size 
bar  from  a  pile  varying  in  size  by 
Yxq" ,  and  that  a  structure  designed 
with  such  microscopic  exactness  may 
be  weakened  through  the  error  of 
using  bars  ^e"  too  small.  Such  an 
error  would  weaken  the  design  by 
from  15%  to  35%,  depending  upon 
the  size. 

It  will  also  be  clear  that  if  an  odd 
quality  of  steel  is  called  for,  it  will 
increase  the  difficulty  of  matching  the 
several  items  of  an  order  with  similar 
items  of  other  orders  to  make  a  roll- 
ing. If  the  quality  of  steel  is  very 
odd,  the  order  would  have  to  be  rolled 
separately.  And  if  the  tonnage  was 
very  small  and  the  mills  were  busy, 
the  order  might  be  indefinitely  de- 
layed. 

A  simple  order  calling  for  a  few 
different  lengths  only  will  be  put 
through  the  mill  much  faster  than 
one  calling  for  many  different 
lengths.  Each  change  in  length 
means  a  setting  of  the  gauge  on  the 
shears,  which  takes  time.  Lengt;hs 
should  be  given  in  even  inches,  avoid- 
ing fractions.  If  the  bars  must  fit 
in  between  steel  I-beams,  a  note  to 
that  effect  should  be  made  against  the 
items  in  question,  so  that  special  care 
may  be  taken.  The  usual  practice 
is  to  shear  the  bars;  if  milled  ends 
are  required,  special  note  of  the  fact 
should  be  made.  Bars  %"  in  diam. 
and  smaller  of  similar  lengths  will 
be  bundled  by  the  mill.  Too  many 
different  lengths  tend  to  discourage 
the  mills  from  rendering  this  valuable 
service,  especially  in  busy  times. 

PRICE 

From  what  has  been  said,  it  is 
clear  that  the  ideal  order  would  call 
for  bars  all  of  the  same  shape,  size 
and  length,  rolled  from  steel  of 
standard  quality.  This,  of  course,  is 
impossible  for  most  structures,  but 
the  nearer  the  designer  can  approach 
this  ideal,  the  lower  will  be  the  price 
and  the  shorter  the  time  for  ship- 
ment. This  is  of  vital  interest  to 
owner,  designer  and  contractor. 

Excluding  bars  %"  in  diam.  and 
larger,  which  are  known  as  the  "base" 
sizes  and  which  take  the  same  price, 
the  larger  the  bars  used  the  lower  the 
cost  of  the  steel  per  ton.  The  fol- 
lowing size  extras  are  added  to  the 
base  price: 

ll/16-in.  .     5  cts.  per  100  lbs. 

5/8-in.  .    5  cts.  per  100  lbs. 

9/16-in.  .  10  cts.  per  100  lbs. 

1/2-in.  .  10  cts.  per  100  lbs. 

7/16-in.  .  20  cts.  per  100  lbs. 

3/8-in.  .  25  cts.  per  100  lbs. 

5/16-in.  .  35  cts.  per  100  lbs. 

1/4-in.  .  50  cts.  per  100  lbs. 


Bars  5'  and  longer  in  length  are 
cut  without  extra  charge.  For 
shorter  lengths,  the  following  extras 
apply  for  shearing: 

Lengths  over  24"  and  les3 
than   60"    5  cts.  per  1 00  lbs. 

Lengths  12"  to  24"  inclu- 
sive    10  cts.  per  100  lbs. 

Lengths  under  12" 15cts. perlOO  lbs. 

All  orders  calling  for  less  than 
2,000  lbs.  of  a  size  and  shape  are 
subject  to  the  following  extras: 

Quantities  less  than  2,000  lbs.  but  not  less  than 
1,0000  lbs 15  cts.  per  100  lbs. 

Quantities  less  than  1,000  lbs. 

35  cts.  per  100  lbs. 

MAKING    CHANGES    IN    AN    ORDER 

Running  a  bar  mill  is  a  very  com- 
l^licated  business.  The  number  and 
size  of  the  billets  necessary  to  roll 
the  various  items  on  an  order  have  to 
be  figured  very  carefully,  so  that  the 
right  orders  may  be  placed  with  the 
billet  department  to  prevent  waste 
and  insure  the  proper  amount  of  steel 
to  fill  the  schedule.  Changes  in  the 
customer's  order  would  mean  changes 
in  all  the  instructions  within  the  mill. 
This  means  confusion  and  delay.  It 
is  inadvisable  to  change  an  order, 
once  it  has  been  placed. 

Contractors  experienced  in  rein- 
forced concrete  work  usually  add 
about  2%  in  long  lengths  of  the  re- 
quired sizes  to  take  care  of  contin- 
gencies. 

TWO   BASES   FOR   BUYING 

Almost  all  reinforcement  is  bought 
on  the  100-lb.  basis.  Occasionally,  an 
inexperienced  contractor  asks  for  a 
price  on  the  lump  basis,  but  none  of 
the  big  specialists  buy  in  this  way. 
The  explanation  is  simple.  It  is  im- 
possible to  roll  bars  to  the  exact 
theoretical  weights.  All  mill  orders 
are  subject  to  an  allowable  variation 
in  weights  of  minus  5%  and  plus 
21/4%  or  5%,  depending  on  the  mill. 
Owing  to  the  close  margin  in  steel, 
the  seller  cannot  afford  to  take  the 
chance  of  losing  through  a  possible 
over-rolling.  Therefore,  when  a 
lump-sum  figure  is  made,  the  total 
theoretical  weights  are  increased  by 
the  possible  over-rolling  before  the 
price  extensions  are  made.  If  the 
rolled  weights  happen  to  fall  to  the 
allowable  minimum  limit,  the  con- 
tractor pays  from  7V2%  to  10% 
more  for  his  steel  than  would  be 
necessary  if  he  bought  on  the  100-lb. 
basis.  In  other  words,  the  lump-sum 
method  is  a  game  at  which  the  buyer 
can  not  win,  but  may  lose.  Further- 
more, if  the  buyer  wants  to  deduct 
from  the  total  amount  contracted  for, 
he  does  not  know  how  much  to  claim, 
because  the  complication  of  extras 
makes  it  impossible  to  tell  what  base 
price  was  used  in  making  the  lump- 
sum figure. 
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Details  of  a  Standard  Portable  Carpenter  Shop  on 
Construction  Work 


in  Fig.  1,  while  an  overhanging  sec- 
tion of  the  roof,  7'  wide,  extends  the 
length  at  the  other  end  to  cover  the 
grooving  saw.  The  total  length  of 
building  is  therefore  41'  and  the 
length  to  the  end  of  the  bench  57'. 
All   machines   are   run  by   belting 
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Fig.  1 — Sketch 
Showing  Layout 
OF  Portable   Car- 
penter Shop  Used 

BY    the     AbERTHAW 

Construction    Co., 
Boston,  at  the 
Cheney  Bros. 
Silk   Mill,   South 
Manchester, 
Conn. 


One  of  the  developments  of  the 
past  few  years  in  connection  with 
building  concrete  structures  has 
necessarily  been  a  satisfactory  ar- 
rangement for  preparing  forms  and 
other  timber.  This  includes  all  the 
lumber  used  in  the  construction  itself, 
as  well  as  that  required  for  scaffold- 
ing, bracing  and  other  auxiliary  pur- 
poses during  construction.  The 
Aberthaw  Construction  Co.,  Boston, 
having  made  a  careful  study  of  the 
whole  question  of  building  and  dam 
construction,  has  so  standardized  the 
carpenter  shop  arrangements  that  a 
single  set  of  plans,  expanded  as 
necessary,  is  used  for  one  job  after 
another. 

The  principal  tools  shown  in  Fig. 
3  are  a  swing-saw,  a  band-saw, 
South  Manchester,  Conn.,  in  connec- 
tion with  building  a  new  weave-shed 
and  a  new  dyehouse  for  the  Cheney 
Bros,  silk  mill.  The  location  of  the 
lumber  j)iles  with  relation  to  the  shop 
is  indicated  in  Fig.  1,  which  shows 
also  the  position  of  all  power  tools 
used.  Fig.  2  shows  the  construction 
of  the  open-air  shop.  It  might  be 
explained  that  the  print  sent  out  on 
each  job  for  this  work  gives  a  full 
schedule  of  material,  including  the 
number  of  screws  and  bolts,  as  well 
as  all  the  planks,  studs  and  boards 
used  for  this  purpose. 

The  principal  tools  shown  in  Figs. 
3  and  4  are  a  swing-saw,  a  band-saw, 
emery  wheel,  planers  and  rip-saw. 
There  is  also  a  wire  twister  in  the 
back  of  this  shop.  In  addition  to 
these,  the  shop  at  Cheney  Bros,  was 
given  an  extra  saw  for  grooving  the 


plank  to  be  fitted  into  the  roof,  this 
being  practically  a  cabinet-making 
job  of  building  a  wooden  saw-tooth 
roof  with  special  gutters.  All  of  the 
plank  used  for  this  part  of  the  struc- 
ture were  grooved  and  a  spline  driven 
in  after  being  served  with  white  lead. 

The  shed  itself  measures  34'  in 
length  by  15'  6"  wide.  An  extension 
of  the  saw-bench  carries  the  length 
16'   farther   to   the   right,   as   shown 


from  a  jack-shaft  operated  by  a  mo- 
tor near  the  center  of  the  building. 

Study  of  forms  and  other  timber 
work  has  made  it  possible  to  make 
all  these  forms  well  in  advance  of  a 
demand  for  them.  This  work,  with 
other  necessary  operations  through- 
out the  entire  job,  keeps  the  carpenter 
shop  busy  all  the  time.  The  system 
of  routing  form  material  and  other 
materials  has  shown  such  good  re- 
sults that  the  usual  slack  times  and 
rush  times  have  been  almost  entirely 
abolished,  the  work  being  now  a 
steady  operation  from  the  start  of 
the  job  until  it  is  finished.  By  care- 
fully planning  out  in  advance  the 
location  of  the  shop  with  regard  to 
the  job,  and  with  regard  also  to  the 
location  of  the  lumber  piles,  much 
unnecessary  handling  of  materials  is 
avoided. 
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Fig.  3 — General  View  of  Saw-Mill  Yard — ^Make-Up  Bench  in  Foreground 
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Field  Methods  in  Concrete  Construction — Column 
Forms :  Design  and  Construction 


By  Jerome   Cochran,  C.  E. 


The  series  of  articles  on  field 
methods  in  concrete  construction,  of 
which  this  is  a  part  of  the  fourth, 
has  been  planned  in  opposition  to  the 
general  assumption  on  the  part  of 
writers  that  standards  or  methods  of 
construction  have  been  established 
long  ago  and  have  become  common 
knowledge.  The  first  article  on  "Se- 
lection of  Concrete  Materials"  ap- 
peared   in    this    magazine    for   Jan., 


1915;  the  second  article  on  "Pro- 
portioning and  Mixing  Concrete" 
appeared  in  Feb.,  1915,  and  the  third 
article  on  "Design  and  Construction 
of  Forms  in  General"  appeared  in 
Mar.,  1915.  The  following  article 
relates  to  the  fabrication  and  the 
erection  of  column  forms.  Other 
form  work  will  be  discussed  in  a 
later  article. 


ECONOMY  OF  COLUMN  CONSTRUCTION 

The  most  frequently  used  forms 
in  reinforced  concrete  are  those  for 
columns,  beams  and  floor  slabs,  so 
that  any  economy  effected  in  their 
design  enabling  their  re-use  without 
waste  is  sure  to  tell  favorably  in 
the  cost  of  the  structure.  This  might 
at  first  appear  to  be  a  very  simple 
matter  to  accomplish,  but,  on  a  job 
of  any  size,  with  labor  and  lumber 


at  high  prices,  the  question  of  the 
best  method  of  construction  presents 
itself  in  an  entirely  different  light. 
Column  forms  should  be  so  con- 
structed as  to  permit  their  removal 
without  disturbing  the  beam  or  slab 
forms.  In  removing  forms  the  col- 
umn molds  are  taken  down  first.  It 
is  therefore  necessary  so  to  design 
the  details  about  the  tops  of  the 
forms    as    to    permit    their    removal 


without  in  any  way  disturbing  the 
bf-am  and  the  slab  forms. 

Forms  built  complete  a  full  story 
Iiigh  and  concreted  from  the  top  are 
essential  where  wet  and  sloppy  con- 
cretes are  used. 

Among  the  many  factors  that  play 
an  important  part  in  the  economy  of 
column  construction  may  be  men- 
tioned the  kind,  thickness  and  width 
of  lumber;  the  method  of  making 
forms;  kind,  number  and  method  of 
placing  braces  or  clamps ;  method  of 
erecting,  removing  and  transporting 
forms. 

FABRICATION  OF   COLUMN   FORM   UNITS 

Column  forms  should  be  made  in 
units  which  can  readily  be  assembled, 
taken  apart  and  reassembled.  The 
number,  arrangement  and  size  of  the 
units  are  determined  by  the  shape 
and  size  of  the  column  and  the  means 
adopted  for  handling  the  forms. 

In  order  to  reduce  the  labor  in  ad- 
justing different  beam  sizes,  the  tops 
of  the  column  forms  may  be  made 
separate  from  the  rest  of  the  column. 

Fig.  1  shows  a  column  form  in 
which  concrete  is  placed  and  rammed 
as  the  form  is  constructed.  Three 
sides  are  erected  to  the  full  height 
and  the  steel  is  then  placed.  The 
fourth  side  is  built  up  with  horizon- 
tal boards  as  the  concrete  is  placed 
and  rammed.     This  type  of  column 


Details  of  Column  Braces  axd  Form  Boxes  for  Square,  Octagoxal  and  Round  Columns 
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form  was  used  to  some  extent  when 
reinforced  concrete  was  first  intro- 
duced, but  columns  are  now  always 
filled  from  tlie  top  and  the  sheath- 
ing: usually  is  vertical. 

In  some  cases  column  form  units 
are  made  up  of  narrow  strips.  This 
is  to  facilitate  the  reduction  in  size 
of  the  columns  from  floor  to  floor. 
Each  of  the  narrow  strips  represents 
the  reduction  in  diameter  of  the  col- 
umn from  one  story  to  the  next.  For 
example,  if  the  first-story  column  is 
28'"  X  28"  and  the  first  reduction  is 
to  26",  the  next  to  21.",  and  so  on, 
a  part  of  each  section  may  be  made 
up  of  strips  2"  wide,  so  that  one 
strip  can  be  taken  ofl"  for  each  reduc- 
tion. 

For  most  columns  there  will  be 
usually  four  units  of  lagging,  one 
for  each  side,  plus  the  number  of 
yokes  or  collars  used  to  bind  the 
sides  together,  as  shown  in  the  ac- 
companying illustrations.  Three  of 
the  units  should  be  nailed  together 
before  setting  in  place,  and  the 
fourth  unit  afterward.  Where  each 
unit  is  raised  separately,  one  man 
loses  time  in  holding  the  units  in 
place,  while  another  one  nails  them 
together. 

THICKNESS    OF    LAGGING 

Column  forms  vary  in  thickness 
from  %"  to  varying  greater  thick- 
nesses. They  should  be  made  up 
with  ))]ank  not  less  than  1"  tliick, 
preferably  IV2"  thick. 

However,  for  lagging,  ll/^-in.  and 
2-in.  plank  are  commonly  used;  with 
yokes  or  collars  spaced  2'  apart  the 
lighter  plank  is  amply  strong  and 
reduces  the  weight  of  the  units  to  be 
handled  as  well  as  the  amount  of 
form  lumber  required.  The  thick- 
nesses given  apply  to  forms  built 
with  plank  run  vertically. 

WIDTH    OF    FORM     LUMBER 

Sometimes  the  dimensions  of  tlie 
column  may  be  altered  very  slightly 
to  permit  the  use  of  standard  widths 
of  boards  or  planks  without  split- 
ting, the  cost  of  the  extra  widths 
being  more  than  made  up  by  reduc- 
tion in  form  cost.  Boards  of  odd 
widths  should  be  split  on  tlie  ))ower 
saw  and  not  by. hand. 

BEVELED    STRIPS 

All  square  column  forms  should 
have  diagonal  of  bevel  strips  in  the 
corners  unless  the  corners  of  the  col- 
umns are  protected  by  metal  strips ; 
otherwise  they  are  liable  to  be 
cliipped  off".  It  is  also  diff'icult  so 
to  tamp  the  concrete  as  to  make  the 
corners  perfect.  The  bevel  strips 
should  run  the  full  length  of  column 
forms  and  should  be  n;iiled  onto 
two  opposite  sides  of  the  forms  when 
they  are  made  up. 
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OPENING   AT   BOTTOM    OF    COLUMN 
FORMS 

Loose  hand-hole  caps  or  small  re- 
the  base  of  all  column  forms  suffi- 
ciently large  to  gain  access  to  the 
movable  panels  should  be  provided  at 
inside  of  the  form  to  adjust  the  col- 
umn bars,  and  remove  sawdust,  shav- 
ings, chips  and  other  materials  that 
collect  in  the  columns.  The  remov- 
able cap  should  be  tacked  to  the 
column  side  so  that  it  will  be  ready 
to  put  back  in  place  after  the  :;ol- 
umn  is  cleaned  out  and  before  the 
concrete  is  poured. 

FRAMES   OR  YOKES  FOR   COLUMN    70RM 
UNITS 

For  square  or  rectangular  col- 
umns it  is  usually  customary  to  make 
a  form  or  unit  for  each  side  and 
place  around  the  trough  thus  formed 
horizontal  frames  of  2-in.  x  4-in. 
or  4-in.  x  -i-in.  stuff"  at  intervals  de- 
cided upon  by  the  pressure  to  be  re- 
sisted. Two-in.  by  4-in.  pieces  t.re 
generally  used  for  the  frames.  These 
frames  (sometimes  called  bands, 
cleats,  clamps,  collars,  stays,  ties  or 
yokes)  are  of  several  types,  as 
shown  in  the  accompanying  illustra- 
tions. 

Column  forms  may  be  framed  or 
yoked  with  slotted  scantling  or  bolts, 
or  with  scantling  boards,  or  with 
scantlings  cleated  and  wedged  or 
nailed  at  the  corners.  In  other 
words,  the  frames  are  secured  in 
various  ways,  by  blocks  and  wedges, 
by  bolts  running  through  the  ends 
of  the  pieces,  by  clamps,  staples,  etc. 

TIMBER    FRAMES 

Timber  frames  usually  consist  of 
four  strips,  one  on  each  side  of  the 
column.  These  are  held  together 
by  means  of  blocks  or  lugs  and  hard- 
wood wedges,  as  shown  in  Figs.  2 
and  3.  On  one  side  they  may  be 
loose,  so  that  the  same  frame  can 
be  used  for  a  narrower  column  by 
changing  the  position  of  the  blocks 
or  lugs.  Other  wedge  details  are 
shown  in  Figs.  6,  7  and  10. 

A  very  common  form  of  column 
clamp  is  shown  in  Fig.  3  where  no 
nails  are  driven  after  the  clamp  is  in 
position,  thus  facilitating  easy  re- 
moval. It  is  readily  put  in  place  by 
one  man.  The  pieces  rest  on  tem- 
porary blocks  lightly  nailed  to  the 
column  forms  and  wedges  are  driven 
to  tighten  tlie  clamp.  The  wedges 
can  be  easily  driven  up  during  the 
process  of  pouring  concrete  if  any 
signs  of  giving  way  are  noticed.  The 
pieces  are  available  for  re-use,  as 
they  are  not  broken  by  nailing,  and 
the  wedges  may  be  used  many  times. 

Sometimes  the  four  pieces  are  sep- 
arate, but  very  often  two  pieces  are 
nailed  together  to  go  on  two  sides 
of  the  column  and  therefore  wedges 


are  driven  at  diagonally  opposite  cor- 
ners only  as  shown  in  Fig.  4.  Small 
pieces  may  be  used  as  fillers  if  the 
wedges  do  not  fit  closely  enough  be- 
fore driving. 

The  four  sides  of  the  column  form 
are  sometimes  tied  at  intervals  by 
2-in.  X  4-in.  or  1-in.  x  6-in.  cross- 
pieces  or  frames  nailed  where  they 
cross  at  the  corners  as  shown  in 
Fig.  5,  instead  of  having  blocks  and 
wedges.  Such  frames  as  these  are 
not  of  great  strength,  and  conse- 
quently they  must  be  placed  at  close 
intervals.  The  frames  must  also  be 
held  in  some  way  while  the  connec- 
tions are  made.  This  requires  two 
men  or  three  men.  The  nails  are 
driven  vertically  in  a  place  where 
it  is  awkward  so  to  drive  nails.  A 
superior  device  designed  especially 
to  consume  time  could  hardly  be  pro- 
duced. A  practical  carpenter  laughs 
at  such  things,  yet  such  designs  have 
appeared  in  many  advertising  pam- 
phlets. ^ 

BOLTED  FRAMES 

Examples  of  bolted  frames  are 
given  in  Figs.  6,  7,  8,  9,  10  and  11, 
the'  bolts  usually  being  about  %"  in 
diam. 

The  space  back  of  the  bolt  is  fre- 
quently blocked  up  and  wedged,  as 
shown  in  Figs.  6,  7  and  10.  The 
strips  or  ties  exert  pressure  on  oppo- 
site sides  of  the  form,  while  the  two 
other  sides  are  secured  by  hardwood 
wedges  between  the  bolts  and  the 
form.  These  are  placed  as  close  as 
possible  to  the  ends  of  the  bolts. 

Sometimes  the  strips  or  ties  of  the 
column  forms  are  reversed,  so  that 
the  sides  upon  which  the  strips  occur 
alternate.  In  this  way  the  forms  are 
stronger  than  when  constructed  with 
the  strips  or  wooden  ties  all  on  one 
side. 

The  planks  forming  each  side  of 
the  column  box  shown  in  Figs.  8  and 
9  are  fastened  together  by  battens, 
and  then  the  four  sides  are  fastened 
together  by  slotted  frames  and  steel 
tie-rods.  These  forms  can  be  quick- 
ly and  easily  removed. 

Washers  should  be  used  on  all  bolt- 
heads  and  nuts. 

Fig.  11  shows  a  type  of  column 
brace  sometimes  met  with  in  prac- 
tice. Two  pieces  are  fastened  at 
one  corner  and  the  bolts  at  the  other 
corners  enable  the  clamps  to  be  tight- 
ened when  necessary.  This  clamp  is 
decidedly  inferior  to  the  clamp  shown 
in  Fig.  9,  em])lo3Mng  rods  on  two 
sides  run  through  slotted  pieces  of 
wood. 

CLAMPED    FRAMES 

Heavy  adjustable,  wrouglit  iron 
or  steel  clamps  for  clamping  aiul  ad- 
justing all  classes  of  forms  will  gen- 
erally be  found  better  than  bolts  or 
tie-rods    for    eohunn    boxes,    as    they 
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permit  rapid  readjustment  and  re- 
moval witliout  the  use  of  crowbars, 
hammers  or  other  tools. 

The  most  convenient  way  to  use 
clamps  shown  in  Fig.  12  is  to  have 
pieces  of  wood,  generally  2"  x  A>" , 
on  opposite  sides  of  the  forms,  and 
set  the  clamps  as  shown. 

The  clamp  is  made  of  two  pieces, 
the  smaller  having  a  hole  slightly 
larger  than  the  metal  from  which  the 
larger  piece  is  made.  When  the 
arm  of  the  long  piece  is  put  through 
the  hole  in  the  small  piece  the  two 
are  driven  snugly  against  the  form 
as  shown  and  the  slight  movement 
permitted  makes  the  pieces  lock. 
The  greater  the  pressure,  the  tight- 
er the  hold. 

Sometimes  a  wedge  is  driven  in 
and  that  is  realjy  the  most  conven- 
ient method  when  it  comes  to  taking 
off  the  clamps.  No  great  difficulty 
is  experienced  in  removing  these 
clamps  when  the  forms  are  to  be 
taken  down.  The  same  form  of 
clamp  is  used  for  beams  and  girders. 

WIRE    CLAMPS 

There  are  several  types  of  wire 
rope  clamps  on  the  market,  one  of 
which  is  shown  in  Fig.  13.  The  rope 
is  passed  around  the  form  and  can, 
if  desired,  be  drawn  tightly  enough 
to  bite  into  the  wood.  These  clamps 
may  be  used  with  wood  or  metal 
forms  and  are  convenient  in  use. 
There  is  great  economy  in  using  such 
clamps  for  while  they  cost  a  little 
more  than  wooden  clamps  they  can  be 
used  over  and  over  as  many  times 
as  desired,  with  a  minimum  of  labor. 

CHAIN     CLAMPS 

Another  type  of  adjustable  clamp 
is  shown  in  Fig.  14.  It  is  intended 
for  use  in  mills  making  round  and 
octagonal  wooden  columns  to  hold 
the  pieces  together  after  gluing,  but 
can  be  used  also  for  clamping  col- 
umn forms  in  concrete  work.  The 
chain  is  caught  in  a  latch  which  is 
tightened  and  then  a  handle  work- 
ing on  a  ratchet  wheel  is  turned  to 
tighten  the  chain.  The  chain  is 
thrown  off  by  simply  throwing  off 
the  latch.  A  wire  rope  can  be  drawn 
better  than  a  chain,  as  the  links  are 
apt  to  catch  in  the  wood. 

SPACING    OF    FRAMES,    YOKES,    STAYS, 
ETC. 

Frames  are  placed  around  the 
sides  of  the  column  form  at  intervals 
determined  by  the  pressure  to  be 
resisted.  They  must  be  closer  to- 
gether at  the  bottom  than  at  the  top, 
due  to  the  hydrostatic  pressure  of 
the  wet  concrete  tending  to  burst  the 
forms.  This  is  esjjecially  true  when 
the  column  height  is  18'  or  20',  as 
the  hydrostatic  pressure  of  wet  con- 
crete becomes  very  great  in  a  high 
column  and  is  liable  to  burst  the 
forms  and  let  the  concrete  out,  caus- 
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ing  considerable  loss  of  time  and 
material. 

There  is  a  common  fault  among 
contractors  to  skimp  on  the  number 
of  frames  or  yokes.  Frames  must 
be  close  enough  together  so  as  to 
allow  no  bulging  between  them,  the 
spacing  depending  on  the  size  of 
the  columns,  and  the  thickness  of  the 
vertical  plank.  They  are  seldom 
spaced  over  S'  apart  unless  very 
heavy  lagging  is  used;  2-ft.  spacing 
for  frames  or  yokes  is  common. 

They  are  generally  spaced  18" 
apart  near  the  bottom  of  the  column 
form,  the  intervals  increasing  to  24" 
near  the'  top. 

OCTAGONAL    COLUMN    FORMS 

There  are  various  methods  of 
making  octagonal  column  forms. 
They  may  be  made  up  as  square 
forms  with  triangular  pieces  insert- 
ed in  the  corners. 

A  very  simple  bracing  for  octag- 
onal columns  is  obtained  by  beveling 
the  :eight  sides  of  the  column  so  as 
to  fit  together,  bracing  or  squaring 
them  by  means  of  a  wooden  cross 
inside  as  shown  in  Fig.  15,  remov- 
able as  the  concrete  progresses,  and 
tied  together  every  2'  or  S'  verti- 
cally on  the  inside  by  means  of  No. 
16  or  No.  18  annealed  wire,  which  is 
loosely  wrapped  a  couple  of  times 
around  the  circumference.  A  %-in. 
scantling  may  be  inserted  underneath 
the  wire  and  twisted  sidewise  so  as 
to  tighten  the  wire,  after  which  a 
couple  of  nails  should  be  driven 
through  the  Ys''^^-  scantling  into  the 
side  of  the  octagonal  form. 

CIRCULAR    COLUMN    FORMS 

There  are  several  ways  by  which 
circular  columns  may  be  constructed 
of  wood.  Sometimes  the  forms  are 
built  up  in  half-sections,  the  center- 
ing for  the  staves  being  constructed 
of  ll/^-in.  stuff,  shaped  to  suit  the 
radius  of  the  column,  or  with  straight 
faces,  run  vertically,  and  held  to- 
gether by  flat  ties.  The  two  halves 
of  the  column  form  are  held  togeth- 
er either  by  means  of  wrought  iron 
flat  bands  wrapped  around  the  col- 
umn form  and  properly  secured  with 
nails,  or  by  means  of  heavy  frames 
or  yokes  of  wood  to  fit  the  outside  of 
tlie  narrow  boards  or  staves ;  that  is, 
with  wood  collars  bolted  together. 
Forms  for  cylindrical  columns  are 
sometimes  made  up  in  quarter-sec- 
tions, and  the  forms  to  which  the 
staves  are  nailed  are  sufficiently 
heavy  to  form  the  yoke  or  collar. 
These  yokes  or  collars  are  made  of 
about  3-in.  stuff  and  are  checked  out 
at  the  corners  so  that  they  can  be 
bolted  together.  They  are  spaced 
about  as  for  rectangular  columns. 

Fig.  16  shows  a  form  for  round 
columns  that  has  been  used  to  some 
extent.  Such  forms  should  prefer- 
ably be  bolted  together  in  four  sec- 


tions, instead  of  two,  as  some  diffi- 
culty has  been  experienced  with  the 
two-section  forms  in  removing  them 
from  columns  20"  in  diam.  The 
sides  are  usually  made  of  2-in.  x  3- 
in.  plank  surfaced  on  all  four  sides, 
beveled  on  two,  and  held  in  place  by 
steel  bands,  wliicli  may  be  1/4"  x 
2^/2",  and  spaced  about  2'  6"  apart. 
One  screw  in  the  outer  plank  at  each 
band  of  the  several  parts  or  sections^ 
together  with  a  few  intermediate 
screws,  will  usually  suffice  to  liold 
the  plank  in  place. 

The  two  methods  of  form  con- 
struction for  circular  columns  just 
described  are  those  usually  employed, 
but  the  disadvantage  consists  in  the 
fact  that  they  leave  the  column 
marked  with  the  joinings  of  the 
staves.  In  other  words,  columns 
constructed  with  forms  as  shown  in 
Fig.  16  will  not  have  a  round  sur- 
face, but  will  consist  of  many  flat 
surfaces,  about  214"  wide.  These 
joinings  will  show  to  much  less  ex- 
tent if  the  staves  have  been  shaped 
to  suit  the  radius  of  the  column. 
That  is  to  say,  if  a  perfectly  round 
column  is  desired,  it  will  be  neces- 
sary to  cut  the  surface  of  the  plank 
next  to  the  concrete  to  the  desired 
radius. 

While  flat  surfaces  offer  no  objec- 
tion where  the  column  is  to  be  plas- 
tered, and,  in  fact,  are  not  really  ob- 
jectionable where  the  concrete  work 
is  exposed,  in  order  to  get  very 
smooth  columns  sheet  metal  forms 
are  often  used  for  molding  when  the 
columns  are  to  be  circular  in  form. 
Wooden  forms  are  rather  clumsy 
affairs  and  are  expensive  to  con- 
struct. 

Metal  forms  for  circular  columns 
are  made  in  halves  or  quarters  of 
No.  16  or  No.  18  galvanized  sheet 
iron  with  angles  along  the  edges  for 
securing  the  several  sections  togeth- 
er. These  forms  are  more  economi- 
cal than  wood,  especially  where  con- 
siderable use  can  be  made  of  them; 
for  example,  when  the  columns  are 
all  of  one  diameter  and  there  are  a 
number  of  them. 

In  several  instances  in  which 
hooped  or  spiral  reinforcement  has 
been  used  the  hooping  has  been 
wrapped  wuth,  or  made  of,  expanded 
metal  or  other  meshwork,  and  the 
concrete  deposited  inside  the  cylin- 
der thus  formed,  without  other  form- 
work.  A  moderately  dry  concrete  is 
essential  for  such  construction. 

ORNAMENTAL     COLUMN     FORMS 

Forms  for  ornamental  columns 
call  for  special  design  and  construc- 
tion. For  many  purposes,  such  as 
])orch  and  portico  work,  the  best 
plan  is  to  mold  th'e  columns  separate- 
ly and  to  erect  them  as  stone  columns 
of  like  character  are  erected.  Metal 
forms  may  be  "used. 
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Design  Methods  in  Concrete   Construction  —  An 
alysis  of  Stresses  in  T- Beams  and  Design 
of  Beams  in  General 


By  Jerome  Cochran^,  C.  E. 


/t<:/==:distance  from  outside  compres- 
sive surface  to  neutral  axis  in 
beam  in  which  the  depth  to 
steel  in  tension  is  d. 

r=de2ith  of  resultant  compression 
below  top. 

jr=ratio  of  lever  arm  of  resisting 
couple  to  depth  d. 

jd=:d — s=arm  of  resisting  couple. 

<?=:extra  thickness  of  concrete  below 
steel  in  tension. 


This  is  the  fourth  of  a  series  of 
articles  on  Design  Methods  in  Con- 
crete Construction.  In  the  first  and 
the  second  article,  published  in  this 
magazine  for  Jan.,  1915,  and  Feb., 
1915,  were  given,  analytically  and 
graphically,  the  general  principles 
which  govern  the  determination  of 
the  bending  moments  and  shears  in 
simple  beams  under  applied  loads. 
The  analysis  of  stresses  in  reinforc- 
ed ■  concrete  rectangtdar  beams  was 
considered  in  the  Mar.,  1915,  issue. 
The  formulas  used  in  designing  T- 
beams  are  considered  in  the  present 
article,  as  well  as  the  application  of 
formulas  to  the  design  of  beams  and 
slabs.  The  formulas  used  in  design- 
ing beams  reinforced  for  compres- 
sion will  be  considered  in  the  next 
article,  as  well  as  a  more  detailed 
consideration  of  beam  and  slab  de- 
signs. 

For  more  intricate  details  of  rein- 
forced concrete  design  the  reader  is 
referred  to  such  excellent  treatises 
on  design  as  Brook's  Reinforced 
Concrete;  Hool's  Reinforced  Con- 
crete Construction.  Vol.  I  and  II; 
Ransome  4'  Saurbrey's  Reinforced 
Concrete  Buildings ;  Taylor  <^ 
Thompson's  A  Treatise  on  Concrete, 
Plain  and  Reinforced;  and  Tur- 
neaure  S^  Maurer's  Principles  of  Re- 
inforced  Concrete    Construction. 


ANALYSIS   OF   STRESSES  IN   A   T-BEAM 

In  beams  of  rectangular  cross-sec- 
tion the  concrete  below  the  neutral 
axis  serves  only  to  transfer  the  stress 
in  the  steel  and  does  not  possess  ten- 
sile strength.  Hence,  considering 
only  tension  and  compression,  about 
half  of  the  concrete  is  inert.  The 
T-beam  is  designed  to  economize  in 
this  respect  by  concentrating  the  con- 
crete, where  it  is  most  effective,  near 
the  compressive  side  of  the  beam. 

NEUTRAL  AXIS  IN  FLANGE  OR  AT 
UNDER  SIDE  OF  FLANGE 

If,  in  Fig.  1,  the  neutral  axis  falls 
within  the  flange,  the  analysis  of 
stresses  is  the  same  as  for  rectangu- 
lar beams,  considering  the  T-beam 
as  a  rectangular  beam  of  the  same 
depth,  the  breadth  of  which  is  the 
breadth  of  the  flange.     The  percent- 
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Fig.  1 — Resisting  Fokces  iif  a  Reinforced  Concrete  T-Beam 


age  is  then  based  on  the  total  area 

1 

bd,  and  the  value  of  A:  is ,  as 

1  -\-  z 
before,  but  if  this  be  larger  than  the 
thickness  of  the  flange,  t,  the  follow- 
ing method  is  to  be  used: 

NEUTRAL  AXIS  BELOW  FLANGE 

Assuming  the  compression  to  be 
distributed  as  shown  in  Fig.  1,  and 
the  steel  to  take  all  the  tension,  the 
formulas  given  below  may  be  de- 
duced in  a  manner  somewhat  simi- 
lar to  that  given  for  rectangular 
beams  in  the  previous  article,  with 
the  following  nomenclature: 
^s:=tensile  unit  stress  in  steel,  lbs. 

per  sq.  in. 
^c=compressive   unit   stress   in  con- 
crete, lbs.  per  sq.  in. 
jE*=modulus    of   elasticity   of   steel, 

lbs.  per  sq.  in. 
Ec=modulus    of    elasticity    of    con- 
crete, lbs.  per  sq.  in. 
Es 


Ec 

M=moment  of  resistance  or  bending 
moment  in  general,  lbs. -ins. 

^s=:rarea  of  steel,  sq.  ins. 

b=width  of  flange,  ins. 

6'=:width  of  stem  or  web,  ins. 

f^tliickness  of  T-flange,  i.  e.,  tliick- 
ness  of  slab,  ins. 

t/=:depth  of  beam  to  center  of  rein- 
forcement or  distance  from 
outside  compressive  fiber  to 
center  of  gravity  of  steel,  ins. 

/j=:height  or  entire  depth  of  beam, 
ins. 

A- :=  ratio  of  dcptli  of  neutral  axis  to 
depth  of  steel  in  tension  or 
eff"ective  depth  d. 


p=ratio  of  steel  cross-section  to  that 

of  the  concrete. 
For  T-beams 
As 

p=: ,  rather  than  As  divided  by 

bd 

the  actual  cross-section  of  the 
beam. 
The  slight  amount  of  compression 
in  the  stem  or  web  below  the  inter- 
section of  the  stem  and  flange  may 
be  neglected. 

As    in   the   case   with   rectangular 
beams  using  the  notation  given  above 
and  referring  to  Fig.  1,  we  have 
1                 1 
h  = =  


i  + 


fs       1+z 
nfc 


By  equating  tlie  forces  acting  on  the 
section 

2  kd—t 

Asf^  =  fc     bt 

2kd 
Solving  the  two  above  equations  for 
kd  and  eliminating  fc  and  fs 
2ndAs-\-bt' 

kd  =  (17) 

2nAs-]-  2bt 
The  position  of  the  resultant  com- 
pression lies  in  the  center  of  gravity 
of  the   trapezoid,   tlie   parallel   sides 
of     wliich     arc     equal     to     fc     and 
kd—t 

fc     and  tlie  height  to  t. 

kd 
The  distance  of  this  center  of  com- 
pression from  the  upper  surface  of 
tlie  beam  is 

3kd  —  2t    t 

z   = (18) 

2kd  —  t     3 
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The  arm  of  resisting  couple 
jd  =  d  —  z 
hence 

M  =  As  jd  fs  (19) 

M 
or  fs  =  (20) 


and 


As  jd 


2  Jcd  —  t 
M  =     bt  jd  fc     (21) 


2  hd 


Mkd 


or  fc 


bt  (kd—Yot)  jd 

From  Fig.  1,  taking  similar  trian- 
gles, the  relation  between  fs  and  fc 
is  found  to  be 

fs       k 
fc   =  —     —  (23) 

n    1 — k 

The  approximate  moment  arm  of 
resisting  couple  may  be  taken  as 

jd  =  d (24) 

2 
which  changes  formula  (23)  to 

M 
fs^= (approximate)    (25) 


As     d- 


t 


2 


This  formula  gives  for  ordinary 
cases  correct  and  safe  results,  but 
should  not  be  used  when  the  flange 
is  small  as  compared  with  the  stem. 
It  assumes  that  the  center  of  com- 
pression of  the  beam  is  at  the  center 
of  the  slab.  This  gives  slightly  high 
results  for  a  T-beam  with  a  very  thin 
flange  in  proportion  to  the  dimen- 
sions of  the  web,  and  too  low  results 
for  a  shallow  T-beam  with  thick 
flange.  Ordinarily  the  error  is  so 
slight  as  to  be  inappreciable. 

For  approximate  results,  the  for- 
mulas for  rectangular  beams  may  be 
used. 

FORMULAS    FOR    COMPRESSION    IN    THE 
STEMS  OF  T-BEAMS 

In  the  above  formulas  the  com- 
pression in  the  stem  is  neglected. 
The  following  formulas  take  into  ac- 
count the  compression  in  the  stem 
and  are  derived  by  the  same  princi- 
ples used  in  derivation  of  formulas 
in  the  previous  analysis.  They  are 
recommended  for  large  beams,  where 
the  stem  forms  the  larger  part  of  the 
compressive  area  or  when  the  flange 
is  small  compared  with  the  stem. 
Position  of  neutral  axis, 

Position  of  resultant  compression, 


(27) 


Arm  of  resisting  couple, 

jd  =^  d  —  z  (28) 

Moment  of  resistance, 

M  =  As  jd  fs  (29) 

/»/=  _^  p/f^-r*}^/  +  (J<^-  tyj,']  ^d  (30) 

Fiber  stresses 

M 
fs  =  (31) 


As  jd 


(22)       fc^- 


2/^/ra' 


\^2M-t)bt  ^Cf<^-ty^']  jA 


(3Z) 


DESIGN  OF  A  RECTANGULAR  BEAM 

An  analysis  of  rectangular  beams 
was  given  in  Concrete-Cement  Age 
for  Mar.,  1915,  and  the  reader  is 
referred  to  the  discussion  of  the 
theory  there  given  and  the  deriva- 
tion of  the  formulas.  For  conven- 
ience in  reference,  the  formulas  are 
here  repeated  as  follows : 
Position  of  neutral  axis, 

k  :=:  the  square  root  of 
2  pn  -\-  (pnf  minus  pn  (A) 

Arm  of  resisting  couple, 
1 

3=1 ^  (B) 

3 

(For  fs  =   15,000  lbs.  to   16,000 
lbs.,  and  fc  =  600  lbs.  to  650  lbs.,  k 
may  be  taken  at  %). 
Fiber  stresses 

M              M 
fs  = = (C) 


As  jd 

2M 


fc  = 


pj  bd 
2  pfs 


(D) 


jk  bd  k 

Steel  ratio,  for  balanced  reinforce- 
ment, 

1 


fc   \  nfc  J 


-ri' 


(E) 


Having  computed  the  maximum 
bending  moment  due  to  the  loads  in 
accordance  with  the  principles  given 
in  Concrete-Cement  Age  for  Jan., 
1915,  and  Feb.,  1915,  the  breadth  of 
the  beam,  b,  is  assumed  (see  Fig.  2) 
and  the  depth  of  the  steel  is  found 
from  the  following  formula: 

M 
d  =  C  into  the  square  root  of  —  (F) 

b 
where  C  is  a  constant  for  any  given 
concrete  and  steel. 

As  =  pb  d  (G) 

The  constants  C  and  p  to  be  sub- 
stituted in  the  above  formulas  may 
be  taken  from  the  tables  on  pages 
519  and  520  of  Taylor  &  Thomp- 
son's Concrete,  Plain  and  Rein- 
forced, to  which  the  reader  is  re- 
ferred. 


For  a  working  compression  in  the 
concrete  of  650  lbs.  per  sq.  in.,  a 
working  pull  in  the  steel  of  16,000 
lbs.,  and  a  ratio  of  modulus  of  steel 
to  concrete  of  15,  for  concrete  hav- 
ing a  compressive  stress  in  cylinder 
form  of  2,000  lbs.  per  sq.  in.  at  28 
das. 

(H) 
1  M 

d  =  —  into  the  square  root  of  — • 
10  b 

or  more  exactly, 

(I) 
M 

d  =  0.096  into  the  square  root  of  — 

b 
A  =  .0077bd  (J) 

Example:  What  depth  of  beam 
Imving  a  span  of  20'  and  what  area 
of  steel  are  required,  using  the  above 
unit  stresses,  for  a  freely  supported 
beam  with  a  load  of  1,000  lbs.  per 
running  ft.  ? 

Solution:  Bending  moment,  M,  for 

wi'    1000  y^20  y^  20  Y^  12 

8  8 

600,000  lbs.  ins.  and  using  formula 
(H)  we  have 

1 
d    =    —    into    the    square    root    of 

10 
600,000  divided  by  8  =  27.4  ins.  or 
say  28  ins.     With  2"  of  concrete  be- 
low the  steel,  the  total  depth  of  beam 
is  thus  30". 

The  area  of  steel  from  formula 
(J)  where  the  width  of  beam  is  tak- 
en at  12"  is 

A  =  .0077  X  12  X  ^S  =  2-^9  sq. 
in.,  thus  requiring  two  %-in.  and 
two  %-in.  square  bars,  or  their 
equivalent. 

The  steel  must  also  have  sufficient 
bond  and  in  many  cases  inclined  or 
vertical  reinforcement  is  required  as 
will  be  treated  in  connection  with 
diagonal  tension  in  another  article. 
Continuous  beams  also  require  rein- 
forcement over  the  supports  and  will 
also  be  considered  in  another  article 
as  well  as  the  selection  of  bending 
moments  to  use  in  their  design. 

For  a  beam  with  about  0.8%  of 
horizontal  steel  (in  which  case,  ten- 
sion in  steel  fs  is  about  16,000  lbs. 
per  sq.  in.  and  the  compression  in 
concrete  fc  about  650  lbs.  per  sq.  in.) 
the  distance  between  the  centers  of 
compression  and  tension  jd,  is  about 
Tg(7  and  formulas  (C)  and  (D)  giv- 
en above  may  be  expressed  with 
scarcely   appreciable   error    as 

M 

A  -  ■         (Ci) 

0.87  Asd 


6M 


fc 


bd' 
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Fig.  2 — Resistixg  Forces  ix  a  Reixforced  Coxcuete  RECTAXoui.An   Beam 


DESIGN    OF    SLABS 

The  depth  and  the  percentage  of 
steel  for  slabs  are  obtained  b}'  the 
same  formulas  as  those  used  for  rec- 
tangular beams,  the  bending  moment 
being  figured  for  a  width  of  slab" 
equal  to  1'. 

Substituting  12"  for  h  in  formulas 

(7/)  and  (J),  we  have 

d  =  0.29  C  into  the  square  root  of 

M  (K) 

As  —  12  pd  (L) 

For  fc  =  650  lbs.  per  sq.  in.,  fs 
=  16,000  lbs.  per  sq.  in.  and  n  = 
15,  we  have  by  substituting  the  cor- 
responding value  for  C  from  Table 
10,  p.  519  of  Taylor  &  Thompson's 
Concrete,  Plain  and  Reinforced,  in 
the  above  formula 

d  =  0.028  into  the  square   root  of 

M  (M) 

As  =  0.092  d  (N) 

DESIGN    OF    T-BEAM 

Where  slabs  and  beams  are  cast 
together  a  portion  of  the  slab  may 
be  considered  as  part  of  the  beam 
forming  a  T-section.  This  increases 
the  available  compression  area  and 
permits  the  use  of  a  larger  percent- 
age of  steel  than  that  allowed  in 
rectangular  beams. 

Theory  of  T-B earns— The  theory 
of  T-beams  requires  that  the  total 
internal  pressure  be  equal  to  the  to- 
tal tension  or  pull  in  the  steel.  In 
case  the  design  is  unbalanced  so  that 
the  T-beam  is  stronger  in  compres- 
sion than  in  pull,  the  strength  of  the 
T-beam  is  limited  by  the  safe  mo- 
ment of  resistance  determined  from 
the  allowable  tension  or  pull  in  the 
steel.  If,  on  the  otlier  hand,  the  ten- 
sile resistance  is  greater  than  the 
compressive  resistance,  the  concrete 
governs  the  strength  of  the  T-beam. 
The  failure  of  T-beams  is  usually 
due  to  lack  of  sufficient  steel  rather 
than  to  compression  of  the  concrete. 
A  T-beam  must  be  deep  enough  to 
prevent  over-stressing  concrete  in 
the  flange. 

Width  of  T-heams— The  width  of 

[19£] 


T  or  tributary  part  of  the  slab,  h, 
to  use  for  the  flange  of  the  T-bcam 
in  compression  is  selected  somewhat 
arbitrarily.  In  no  case  of  course  can 
it  be  taken  greater  than  the  distance 
between  beams.  It  should  not  exceed 
the  following  limitations  : 

(1)  The  maximum  width  of  the  T 
shall  not  be  greater  than  1/3  of  the  clear 
span. 

(2)  No  T  shall  be  considered  as  pro- 
jecting more  than  five  (5)  times  the 
tliickness  of  the  slab  on  either  side  of  the 
stem. 

(3)  The  width  of  the  T  shall  not  ex- 
ceed five   (5)   times  the  width  of  stem. 

The  Joint  Committee  recommends 
that  the  efl[*ective  width  shall  be  de- 
termined by  the  following  rules: 

(a)  It  shall  not  exceed  i/^  of  the  span 
length  of  the  beam. 

(b)  Its  overhanging  width  on  either 
side  of  the  web  or  stem  shall  not  exceed 
four  times  the  thickness  of  the  slab. 

Beams  in  which  the  T  form  is  used 
only  for  the  purpose  of  providing  addi- 
tional compression  area  of  concrete  should 
preferably  have  a  width  of  flange  not 
more  than  three  times  the  width  of  the 
stem  and  a  thickness  of  flange  not  less 
than  one-third  of  the  dcjitli  of  tiie  beam. 
Both  in  this  form  and  in  the  beam  and 
slab  form,  the  web  stresses  and  the  limi- 
tations in  placing  and  spacing  the  longi- 
tudinal reinforcement  will  probably  be 
controlling  factors  in  design. 

Cross-Section  of  Stem — The  width 
of  tlie  stem  of  a  T-beam  is  governed 
by  the  layout  of  the  tension  bars  and 
by  a  study  of  the  shearing  stresses, 
a  subject  to  be  discussed  in  another 
article. 

Minimum  Depth  of  T-Iieam — The 
minimum  depth  is  tlie  deptli  at  which 
concrete  and  steel  are  stressed  simul- 
taneously to  their  working  limits,  but 
greater  depth  than  this  is  generally 
used,  for  economical  reasons. 

The  minimum  allowable  depth  for 
T-beams  may  be  found  from  a  fold- 
ing diagram  in  Taylor  &  Thompson's 
book,  p.  525.  If  preferred,  the  rec- 
tangular beam  formulas   (C  and  D) 


'Cochran's    General  Specifications   for   Con- 
crete and  Reinforced  Concrete,  p.  179 


may  be  used  where  the  depth  of  the 
beam  is  not  greater  than  four  times 
tlie  thickness  of  slab,  using  in  this 
formula  the  width  of  the  flange,  b, 
for  the  width  of  the  beam.  For  ra- 
tios of  the  depth  of  T-beams  to 
thickness  of  slab  larger  than  4 
the  rectangular  beam  formula  gives 
unsafe  results  and  the  formulas  pre- 
viously derived  for  T-beams  should 
be  used. 

Economical  Depth  of  T-heam  — 
Greater  depth  than  the  minimum  is 
generally  used  for  economical  rea- 
sons as  previously  mentioned,  because 
deepening  the  beam  reduces  the  area 
of  steel  proportionately.  The  follow- 
ing formula  is  given  in  Turneaure  & 
Maurer's  Principles  of  Reinforced 
Concrete  Construction,  p.  238: 

t 
d    —      —    =    the    square    root    of 

2 

rM 


fsh' 
Avhere  r  =  ratio  of  unit  cost  of  steel 
in  jilace  to  unit  cost  of  concrete   in 
place  (using  same  units  for  steel  and 
concrete). 

The  other  notation  is  the  same  as 
that  already  given  under  T-beams. 

The  most  suitable  depth  of  T- 
beam  may  be  selected  from  this  for- 
mula after  two  or  three  trial  compu- 
tations for  diff"erent  widths  of  stem. 
The  ratio  of  costs,  r  ranges  between 
38  and  75,  the  usual  value  being 
taken  at  60  where  no  unit  costs  are 
given. 

The  depth  of  the  T-beam  should 
bear  some  definite  relation  to  the 
width  of  stem.  Many  designers 
make  this  ratio  between  2  and  3.  A 
ratio  of  4  may  be  used  for  very  deeji 
and  large  beams,  while,  for  cases 
where  the  head  room  is  limited,  this 
ratio  be  even  less  than  2. 

The  depth  of  T-beam  is  sometimes 
made  an  arbitrary  ratio  to  its  span. 
The  average  ratio  of  span  to  depth 
of  beam  is  about  10  to  12  or  the 
depth  in  inclies  approximately  equal 
to  the  span  in  feet. 

Sectional  Area  of  Steel  in  T-beams 
— The  area  of  cross-section  of  steel 
in  tension  may  be  obtained  very 
closely  b}^  formula  (25).  For  more 
exact  computations,  formula  (23) 
should  be  used.  An  inexperienced 
designer  should  check  his  results  ob- 
tained by  approximate  formulas  by 
the  more  exact  ones. 

Details  of  Design — The  design  of 
a  T-beam  must  also  be  studied  for 
shear  reinforcement,  bond  of  steel  to 
concrete,  and  especially  for  the  de- 
sign at  the  suj)port,  which  must  be 
adapted  to  the  negative  bending  mo- 
ment. Tlicse  d(!tails  will  be  discussed 
ill  another  article. 
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Notes  on  Equipment  of  a   Concrete    Brick    Plant 
in  Hospital  Broom  Shop 


By  Harvey  E.  Jknks 


In  the  Mar.,  101^,  issue  of  tliis 
magazine  Mr.  Jenhs  described  some 
preliyninary  work  in  concrete  prod- 
ucts manufacture — particularly  brick 
— at  the  Norfolk  State  Hospital, 
Norfolk,  Mass.,  as  a  means  of  iitiliz- 
ing  hospital  patients  in  tvork  benefi- 
cial to  them  and  providing  at  low 
cost  for  building  construction.  In 
this  second  article  Mr.  Jenks  takes 
up  the  work  done  when  products 
made  by  hospital  patients  had  devel- 
oped to  that  point  at  which  their  man- 
ufacture was  regarded  as  being  of 
real  importance  by  the  Board  of 
Trustees.  Mr.  Jenks  wastes  no 
words,  but  launches  at  once  into  a 
description  of  the  layout,  equipment 
and  operation  of  a  factory  on  the 
lower  floor  of  the  hospital  broom 
shop. 


Upon  the  completion  of  the  re- 
modeling of  the  lower  floor  of  the 
broom  shop  building  machinery  was 
installed  and  located  as  shown  in  the 
accomjDanying  illustrations. 

A  sand  heater  was  installed  outside 
the  building  and  sand  was  wheeled  to 
power  screen/  This  is  a  two-section 
screen — the  first  section  screens  to 
^-in.  size  and  the  second  to  %-in. ; 
and  other  desired  mesh  can  be  quick- 
ly   applied.      All    sand    passing   the 

^Cement  Tile  &  Mchy.  Co.,  Waterloo,  la. 


J/4.-in.  screen  was  used  in  making 
brick  while  that  passing  the  %-in. 
screen  was  used  for  making  fence 
posts,  and  the  tailings  were  saved  for 
summer  use  on  sidewalks  and  other 
outdoor  work,  very  little  of  the  stone 
beeing  too  large  for  ordinary  work. 
By  this  method  enough  stone  was  se- 
cured from  the  brick  plant  to  do  all 
our  outside  concrete  work  and  it  be- 
came a  valuable  by-product,  saving 
us  $1.50  per  ton  for  crushed  stone. 

After  screening,  the  sand  was 
shoveled  into  a  sheet  iron  charging 
bucket  holding  1  cu.  ft.  as  shown  in 
the  accompanying  sketch,  and  car- 
ried to  the  Miracle*  cube  mixer  which 
was  operated  by  power.  These 
buckets  are  of  a  very  convenient 
shape  and  size  for  charging  small 
mixers  and  can  be  obtained  at  a 
nominal  cost  from  any  concern  deal- 
ing in  iron  goods. 

The  cu'be  mixer  cost  $115  with_ 
hand  power  and  $15  extra  for  pulley 
ment,  and  would  handle  5  cu.  ft.  of 
mixed  concrete  to  a  batch,  which  was 
ample  to  supply  the  Helm  No.  5 
brick  machine.^  This  machine  has  a 
rating  of  12,000  brick  per  da.,  and 
cost  $450,  with  $75  extra  for  power 
attachments.  As  will  be  noted  on  the 
plans,  the  brick  were  taken  directly 
from  the  press  and  placed  on  cars  in 
waiting,  which  when  loaded  were  run 

-Lansing  Co.,  Lansing,  Mich. 

3The    Helm    Brick    Machine    Co.,    Cadillac, 
Mich. 


O' 


out  onto  a  transfer  car,  thence  to  the 
(•uring  room  where  they  were  allowed 
to  remain  3  das.,  wJuri  the  cars  were 
run  to  the  yard  and  unloaded. 

These  cars  were  built  by  ourselves. 
Each  car  required:  four  12-in.  rol- 
ler-bearing wheels,  24-in.  ga.,  two 
axles,  four  bearing  blocks  and  four 
U  bolts,  all  of  which  can  be  purchas- 
ed for  about  $8.00  or  a  little  less, 
and  give  a  truck  with  a  capacity  of 
5,000  lbs.  To  compiete  a  car  such  as 
we  used  the  fallowing  matrial  is  re- 
quired: 

2  pieces  of  oak  3''  x  6"  x  8'  3" 
long. 

3  pieces  of  oak  3"  x  3 
long. 

4  pieces  of  spruce  1"  x  3"  x  7' 
3"  long. 

sketch,  each  rack  holding  150  brick, 

This  material  makes  a  car  2'  H''^ 
wide  and  T  S"  long  as  shown  in 
sketch,  and  it  will  hold  30  pallets 
with  five  brick  to  the  pallet,  making 
150  brick  on  a  platform.  Five  racks 
were  made  for  each  car  as  shown  in 
sketch,  each  rack  holding  150  brick 
making  a  total  of  900  brick  per  car. 
Wet  brick  with  pallets  weigh  nearly 
6  lbs.  each.  This  just  about  loads 
the  car  to  the  rated  capacity  of 
5,000  lbs.  To  make  each  rack  re- 
quires  the   following  material: 

3  pieces  of  spruce  2''  x  6",  9.'  11" 
long. 

6  pieces  of  spruce  1"  x  3",  7'  3" 
long. 

2  building  pins  4"  long. 

The  building  pins  are  set  in  the 
upper  edge  of  the  2-in.  x  6-in.  pieces 
and  holes  bored  in  the  lower  edge  to 
receive  the  pin  from  the  rack  under- 
neath, doing  away  with  any  danger 
of  the  racks  falling  off  the  car 
through  careless  piling  or  other 
causes. 

These  cars  were  also  useful  to 
carrying    fence     posts     which    were 
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Fig.  I^Plax  of  Broom  Shop  as  Arranged  and  Equipped  as  a  Concrete  Products  Plant,  Norfolk  State  Hospital,  Norfolk, 

Mass. 
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Fig.  2 — Partial  Loxgitudinai.  Sectiox  of  Pi.axt 


made  7'  long,  by  simply  placing  a  1- 
in.  strip  across  each  end,  and  would 
even  carry  an  8-in.  corner  post,  but 
instead  of  using  the  racks,  a  piece  of 
board  "was  placed  across  each  end  of 
the  molds  and  the  posts  piled  on  top 
of  the  other;  these  posts  weighed, 
with  the  mold,  nearly  100  lbs.,  and 
were  piled  five  wide  and  10  high, 
making  about  5,000  lbs. 

Seven  curing  rooms  were  built 
holding  six  cars  each  and  two  rooms 
were  filled  each  day  with  brick  and 
other  products.  To  equip  this  plant 
then   required  the   following: 

44  cars  as  described  above,  220 
racks  as  described  above;  6,600  cy- 
press pallets  Ys"  X  8"  X  12",  grooved 
at  each  end  and  a  y^-'m.  strip  inlaid 
to  keep  them  free  from  warp. 

The  extra  curing  room  and  cars 
were  provided  to  allow  the  yard  men 
to  get  the  first  room  cleared  during 
the  forenoon  when  bad  weather  inter- 
fered and  yard  tracks  had  to  be 
cleared  of  snow  and  ice. 

These  same  cars  will  accommodate 
any  pallet  carrying  10  brick  but 
three  extra  racks  have  to  be  provided 
to  carry  .000  brick ;  sewer  pipe  and 
tile  can  be  handled  by  supjilying 
boards  to  fill  in  the  spaces. 

To  complete  the  curing  room  equip- 
ment the   following  was   purchased: 

163'  of  portable  track,   12-lb.  rail,  2 tin. 

Ka I  63.80 

2    curved    sections    track    12-lb.    rail 

24"  {faii(?e 16.95 

630'  of  12-lb.  rail  22'6"  long 51.25 

165'  of   16-lb.   rail   for  transfer  car 19.75 

400  lbs.  314-in.  X  7-lfi-in.  .spikes 15.70 

1   4-ft.  8V4-in.  ga.  transfer  car 19.70 

Total  f.  o.  b.  our  siding $195.45 

The  portable  track  was  used  from 
the  curing  rooms  to  yard,  while  the 
track  in  the  curing  rooms  and  trans- 
fer track  were  spiked  to  4-in.  x  6-in. 
spruce  stringers  laid  on  brick  piers 
8'  o.  c. 

As  our  exhaust  steam  was  all  used 
in  the  lieating  system,  live  steam  was 
supplied  tlirough  a  4-in.  pipe  and  re- 
duced to  5  lbs.  pressure;  this  pipe 
fed  a  ll/4-in.  pipe  at  each  curing 
room  which  was  perforated  with  a 
14-in.  hole  every  12"  and  ran 
through  a  trough  of  water,  giving  a 
generous  supply  of  wet  steam  main- 
tained at  a  temperature  of  from  100° 
F.  to  120°  F.  Thermometers  with 
nn     extension     bulb     which     passed 
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ratlier  to  ihistrate  what  could  be  done 
with  a  building  already  on  hand.  Two 
solid  partitions  and  numerous  posts 
carrying  upper  story  interfered 
somewhat  with  the  arrangement  and 
necessitated  slight  differences  in  di- 
mensions of  the  curing  rooms. 

However,  it  has  served  its  purpose 
admirajbly  and  with  modifications 
would  answer  very  nicely  as  a 
moderate  sized  plant.  The  curing 
rooms  are  higher  than  need  be  and 


Fig.  3 — Steam  Curing  Room,  Typical  Sectiox 


]E 


T^Tr-r 


should  be  arched  in  order  to  carry  the 
water  caused  by  condensation  down 
the  side  walls,  instead  of  being  al- 
lowed to  drip  onto  the  fresh  product. 
This  annoyance  in  our  case  was  not 
serious ;  being  our  own  customers,  we 
-were  able  to  use  the  top  layer  which 
had  become  pitted  by  the  water  drip- 
ping, in  manholes  or  for  backing  in 
minor  buildings  erected  by  ourselves. 
In  conclusion  I  wish  to  emphasize 
the  fact  that  the  manufacture  of 
brick  or  any  other  concrete  products 
is  a  real  industry,  demanding  a  con- 
siderable expenditure  of  money  and 


Fig.  4 — Details  of  Brick  Car  axd  Rack 


through  the  doors  of  the  curing  room 
were  supplied,  as  were  also  tell-tales 
at  the  water  trough,  making  it  un- 
necessary to  open  the  doors  after  the 
cars  were  placed  until  they  were  re- 
moved. 

A  10-h.p.  electric  motor  furnished 
all  the  power  required  and  this,  as 
well  as  a  large  part  of  the  sliafting, 
pulleys,  belts,  etc.,  was  on  hand  and 
costs  are  not  available.  However,  a 
little  study  of  the  plans  with  the 
foregoing  information  will  enable 
anyone  to  get  the  cost  of  entire 
equipment  in  his  own  particular  lo- 
cality. 

The  description  of  the  plant  is  not 
intended  to  show  a  model  layout,  but 


Fig.  5 — Detail  of  Ciiargixg  Bucket 

a  thorough  knowledge  of  materials  to 
be  used.  This  is  especially  true  re- 
garding sand  or  aggregate. 

The  question  of  aggregate  and 
proper  uses  of  cement  and  aggregate 
then  becomes  vital.  A  prospec- 
tive manufacturer  will  do  well  to  be 
sure  he  has  a  pit-bo.ss  who  under- 
stands the  difference  between  a  good, 
clean  sand  and  sand  mixed  with  clay 
or  loam  which  may  have  run  down 
from  the  top  of  an  improperly  strip- 
j)ed  bank,  as  well  as  at  least  one 
competent  man  at  the  plant  in  con- 
tinuous attendance. 

Brick  made  on  the  Helm  press  are 
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])I-itf"orin  and  car  platform  above 
grade.  The  j)ower  plant,  52'  x  75', 
is  also  located  on  the  same  side  hill 
with  the  engine  room  on  a  level  with 
the  lower  floor  of  the  Service  build- 
ing. A  one-story  laundry  building 
48'  X  Q(V  lies  adjacent  to  the  power 
plant.  These  four  buildings  are  all 
flat  roof  and  covered  with  Barrett 
roofing." 


Fig.  6 — Exterior  View  of  Plaxt,  Showing  Cars  with  Racks 


2"  X  4"  X  8"  and  are  somewhat 
smaller  than  those  made  on  the  Mira- 
cle hand  machirfe  on  which  our  first 
brick  were  made.  Last  year  Lehigh* 
cement  was  used,  costing  $1.45  per 
bbl.  in  paper  sacks,  making  brick 
cost  $3.50  per  M  for  cement  used; 
$2.00  per  M  was  paid  for  carting 
3^2  ^-  to  new  buildings,  making  a 
total  cost  of  $5.50  per  M  delivered 
on  the  job  as  against  $14  per  M  for 
a  good  quality  of  hard  burned  clay 
brick  delivered  to  nearest  freight  sid- 
ing 1  mi.  away.  These  brick  have 
been  used  in  the  erection  of  new 
buildings,  sewer  systems,  etc. 

The  Administration  building  is  40' 
X  90'  and  consists  of  a  basement  and 
two  full  stories.  Two  hospital  build- 
ings 33'  X  Q5^,  each  2  stories  and 
basement,  were  erected  one  on  either 
side  of  the  Adiministration  building 
and  90'  distant. 

These  three  buildings  are  so  de- 
signed as  to  be  ultimately  conaected, 
should  occasion  or  necessity  demand, 
making  one  structure  of  the  three. 
There  is  also  ample  room  to  erect 
more  hospital  buildings  at  either 
side.  A  cottage  27'  x  37'  for  paroled 
patients  has  been  completed  on  an 
elevation  at  the  rear.  Ten  other  cot- 
tages of  similar  design,  a  chapel  and 
a  central  dining  hall  are  planned  for 
this  location.  The  four  buildings 
are  of  similar  construction,  field  stone 
being  used  for  the  basements  and 
concrete  brick  for  the  walls  of  tlie 
buildings,  including  all  partitions 
and  chimneys.  A  one-story  Indus- 
trial building  containing  shops  for 
carpenter,  machinist,  plumber,  elec- 
trician, painter,  shoemaker,  uphol- 
siterer,  etc.,  and  a  one-story  laundry 
building  were  also  built  of  concrete 
brick  with  field  stone  foundations.  A 
Service  building  50'  8"  x  105'  8" 
was  located  on  a  side  hill,  with  the 
lower  floor  at  grade  and  the  upper 
floor    at    the    height    of    a    delivery 


Cinders  for  fireproofing  work 
should  be  chosen  carefully,  as  the 
presence  of  unburned  coal  will 
render  concrete  containing  it  the 
least  fireproof,  whereas  it  is  sup- 
posed to  be  the  most  fireproof. 

^Barrett  Mfg.  Co.,  N.  Y.  C. 


♦Lehigh    Portland    Cement    Co.,    Allentown, 


Pa. 
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Fig.  7 — Brick  Hennery  with  Concrete   Roof 

Fig.  8 — Front  View  Administration  Building.     Built  of  Concrete  Brick 

Fig.  9 — Front  View  South  Hospital,  Built  of  Concrete  Brick 
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Righting    the    Tilted    Grain 
Elevator  of  the   Canad- 
ian Pacific  Ry. 

In  the  Dec,  1913,  issue  of  CoN- 
crete-Cemext  Age,  p.  259,  the  sub- 
sidence of  a  group  of  65  large  cylin- 
drical reinforced  concrete  storage 
bins  100'  in  height,  with  a  capacity 
of  1,000.000  bus.  of  grain  in  connec- 
tion Avith  the  Canadian  Pacific  Ry. 
elevator  at  North  TraHscona,  six  mi. 
east  of  Winnipeg,  was  described. 
These  storage  bins,  which  rested  on 
a  reinforced  concrete  slab,  settled 
and  "tipped  over"  about  27°  from 
the  vertical,  as  shown  in  Fig.  1.  The 
ground  displaced  by  this  movement 
was  thrown  up  into  a  mound  of  earth 
nearly  25'  high,  while  tlie  foundation 
on  this  side  sank  20'  into  the  ground. 
The  bins  were,  it  was  said,  witliont 
a  crack,  structurally  intact ;  and 
plans  were  made  to  underpin  the 
group  of  bins  and  jack  it  back  into 
position.  A  brief  report  of  the  prog- 
ress in  straightening  this  structure, 
which  originally  stood  as  shown  in 
Fig.  2,  was  given  in  Concrete-Ce- 
MEXT  Age  for  June,  1911',  p.  269. 
We  arc  now  able  to  give  some  infor- 
mation as  to  the  methods  employed 
in  actually  righting  the  elevator. 

When  the  structure  sank  it  was 
loaded  with  about  875,000  bus.  of 
grain.  The  first  step  necessary  was 
to  remove  this  load,  and  in  order  to 
do  this  holes  were  cut  in  the  concrete 
sides  of  the  bins.  Dec.  1,  1913,  the 
work  of  straightening  the  structure 
was  started. 

THE  UNDERPINNING  WORK 

Tlie  scheme  adopted  consisted  in 
sinking  concrete  piers  7'  in  diam., 
spaced  approximately  15'  c.  to  c,  to 
rock  to  form  a  secure  foundation, 
and  by  excavating  beneath  the  high 
side  the  structure  was  righted,  com- 
ing to  rest  on  these  piers,  but  at  an 
elevation  lower  than  its  original  lev- 
el.     It  was   carried   out   as   follows: 

A  trench  was  dug  along  the  higli 
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side  and  the  ends  of  the  elevator 
and  carried  to  a  depth  sufficient  to 
permit  excavation  to  be  carried  on 
underneath  the  reinforced  concrete 
slab.  Work  was  then  started  on 
sinking  the  line  of  piers  along  the 
low  side  of  the  building,  it  being  the 
intention  to  block  the  structure  tem- 
l^orarily  from  these  piers  so  that  it 
would  form  a  fulcrum  about  which 
the   elevator   might   be   rotated   some 


Fig.  1 — ^A  Geneuai,  View  of  tjie  Tilted  Guaix  Elevator,  Showixg  the  Tops  of  the 

Taxks.     At  the  Right  is  the  Workixg  House 

(Reproduced  from  Con-ciiett;-Cemext  Age,  June,  1914,  p.  269) 


16°.  The  earth  from  the  excava- 
tions was  carried  away  on  belt  con- 
veyors and  dumped  into  wagons. 

In  order  to  sink  some  of  the  piers 
it  was  found  necessary  to  get  inside 
the  concrete  bins,  and  cut  holes 
through  the  bottom.  Through  these 
holes  the  excavations  were  made  and 
the  concrete  placed. 

After  the  elevator  bad  been 
vstraightened  to  a  position  at  which  it 
was  only  18°  out  of  plumb,  jacks 
were  introduced  on  the  low  side  and 
the  structure  supported  in  the  center 
by  an  oak  rocker  for  a  turning  point, 
resting  on  a  concrete  pier.  By  jack- 
ing up  on  the  various  rows  of  con- 
crete piers,  the  huge  structure  was 
gradually  brouglit  back  to  its  ver- 
tical position. 

In  order  to  raise  the  great  weight 
of  the  structure,  about  20,000  tons, 
special  jack-screws  of  herculean 
proportions  were  necessary,  and  dur- 
ing the  progress   of  the  work  there 


were  more  than  400  of  these  resting 
on  the  tops  of  the  foundation  piers. 
A  gang  of  men  was  appointed  to 
handle  each  batterj'  of  screws  and 
they  were  worked  in  unison. 

New  position  of  righted  bin  house 
Fig.  3  shows  a  view  of  the  ele- 
vator after  being  righted.  Compar- 
ing this  view  with  that  shown  in  Fig. 
2,  it  will  be  noted  that  the  structure 
is  at  a  much  lower  elevation  than  its 
original  level,  the  top  of  its  roof 
now  being  about  on  a  level  with  the 
lower  window  sills  of  the  working 
house,  which,  strange  to  say,  was  not 
seriously  affected  by  the  movement 
of  the  soil  under  the  bin  house. 

The  underpinning  and  straighten- 
ing operations  were  carried  out  by 
The  Foundation  Co.,  Ltd.,  Montreal, 
P.  Q.,  and  Vancouver,  B.  C,  Can. 
The  work  was  carried  out  under  the 
direction  of  J.  G.  Sullivan,  Chf. 
Engr.  of  the  Canadian  Pacific  Ry. 
(at  Winnipeg). 


Fig.  2 — The  Storage  Sectiox  of  Bin  House  of  the  Graix  Elevator  as  Ohigixallt 
Built.    At  the  Right  Is  the  Working  House 
Fig.  3 — The  Grain  Bins  in  Righted  Position 
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Shoring  a  Large  9 -Story  Building   During   Freez- 
ing Weather  at  Detroit,  Mich. 


Fig.  1 — The  Gardex  Court  Apartjiexts,  Detroit 

Form  work   for  the  entire  building  was  erected  complete   before  any  shores  were 
removed 


The  accompanying  illustrations 
show  a  very  interesting  feature  in 
connection  with  the  concrete  work^on 
the  Garden  Court  Apartments  in  De- 
troit in  the  winter  of  1914-1915. 
The  building  is  about  107'  wide,  185' 
long  and  contains  two  wings,  each 
measuring  about  40'  x  40'.  It  is  100' 
high  and  has  about  147,000  sq.  ft. 
of  floor  surface.  The  concrete  frame- 
work was  designed  along  the  lines  of 
standard  practice.  The  floors  are  of 
Floredome^  construction  as  shown  in 
Fig.  2. 

Form  work  for  the  entire  building 
was  erected  complete  before  any 
stripping  was  done  (see  Fig.  1),  no 
shoring  whatever  being  re-used.  The 
reason  for  doing  this  was  the  instal- 
lation of  one  floor  every  5  das.  and 
as  an  extra  precaution,  due  to  the 
fact  that  the  concrete  roof  was  pour- 
ed 2  wks.  before  any  stripping  was 
begun. 

There  were  14,000  pieces  of  4-ln. 
X  4-in.  studs,  10'  long,  used  for  shor- 
ing, being  spaced  from  3'  to  4'  o.  c. 
as  shown  in  Fig.  2.  To  the  uprights 
were  nailed  2-in.  x  6-in.  planks, 
which  supported  2-in.  x  6-in.  joists, 
spaced  from  2'  to  2'  6"  o.  c.  The 
joists  supported  1-in.  x  6-in.  planks 
spaced  2'  o.  c,  which  in  turn  sup- 
ported the  steel  Floredomes  used  as 


centering  for  the  joist  floor  construc- 
tion. 

The  particular  type  of  metal  forms 
ordered  for  the  job  was  found  to 
be  unsatisfactory  for  the  large  col- 
umns in  the  basement  and  the  ground 
floor.  For  columns  26"  x  26"  in  size 
and  up,  the  metal  forms  bulged  bad- 
ly at  the  bottom,  due  to  the  hydros- 
tatic pressure  of  the  wet  concrete  and 
to  the  frail  construction  of  the  forms. 
They  were  soon  discarded  after 
pouring  several  columns,  and  not 
even  tried  for  the  smaller  columns  in 
the  upper  stories. 

The  concrete  work  was  protected 
from  freezing  by  enclosing  the  build- 
ing with  canvas  and  keeping  sala- 
manders burning  for  three  days  after 
))]acing  the  concrete.  It  cost  about 
$10  per  da.  to  operate  these  sala- 
manders on  each  floor. 

We  are  indebted  for  these  data  to 
Frank  Roller,  mgr.  of  the  Detroit 
office,  Irwin  &  Leighton,  bldg.  contrs. 
who  erected  the  building. 


As  to  whether  or  not  dirt  in  sand 
is  harmful  depends  upon  the  char- 
acter of  the  dirt.  The  kind  of  im- 
purity is  really  of  more  importance 
than  the  quantity.  The  presence  of 
a  small  amount  of  clay  in  sand  does 
not  as  a  rule  weaken  or  injure  mor- 
tars or  concretes,  but  it  is  generally 
considered  that  the  presence  of  loam 
or  dirt  is  objectionable. 


The  careful  sorting  out  of  steel 
reinforcing  on  the  job  not  only  tends 
to  promote  economy,  but  also  largely 
assists  and  facilitates  the  work  when 
it  is  necessary  to  begin  the  operation 
of  bending  and  placing. 

Molds  for  concrete  newels,  finials, 
rails,  balusters,  spindles,  balls,  caps 
and  bases  for  piers,  etc.,  should  be 
so  constructed  that  they  can  be  re- 
moved piece  by  piece  without  injur- 
ing the  casting.  Their  strength  and 
rigidity  must  be  am2:)le  to  withstand 
without  distortion  tamping  and  other 
strains. 


'Trussed    Concrete    Steel    Co.,    Youngstown, 
Ohio 


Fig.  2 — ^Sketcii  Siiowixg  Details  of 
Form  Centerixg  Used  on^  the  Gardex 
Court  Apartmexts,  Detroit 
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All  forms  should  have  ample 
strength  to  support  properly  the 
loads  they  are  called  upon  to  carry. 
They  must  be  strong  enough  to  re- 
tain Avet  concrete,  or  they  must  be 
strong  enough  to  withstand  the  pres- 
sure due  to  tamping  in  case  a  dry 
concrete  is  used.  Loads  of  forms 
must  be  restricted  to  those  for  which 
the  forms  are  designed,  namely,  the 
weight  of  the  concrete  and  such  con- 
struction loads  as  are  necessary,  like 
tlie  weight  of  workmen,  runways, 
wheelbarrows,  etc.  Storage  on  the 
forms  of  construction  materials  for 
future  use  should  not  be  permitted. 
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Fio.  1 — Tillamook  Lighthouse  Off  Ordgox  Coast 


Concrete   Superseding  Wood 
in  Lighthouse  Construc- 
tion 
By  Jas.  G.  McCurdy* 

Even  up  in  the  Pacific  Northwest 
where  lumber  is  plentiful  and  rea- 
sonable in  price,  concrete  is  rapidly 
coming  to  the  front  as  a  building  ma- 
terial. The  trend  of  the  times  is 
shown  in  the  action  of  the  Lighthouse 
Board  of  the  13th  District  (compris- 
ing Oregon,  Washington  and  Alaska) 
in  recently  constructing  two  light- 
houses entirely  of  concrete.  Plans  are 
being  formulated  for  another  new 
lighthouse  on  Robinson  Point,  and 
this  will  also  be  of  concrete;  in  fact 
it  is  commonly  understood  that  the 
day  of  wooden  lighthouse  construc- 
tion is  past. 

Concrete  in  this  particular  field 
costs  more  than  brick  or  lumber,  but 
it  is  more  rigid  and  permanent  than 
either  and  seems  ideally  adapted  to 
the  needs  of  the  lighthouse  depart- 
ment, where  buildings  are  constantly 
exposed  to  the  full  force  of  the  ele- 
ments. 

The  custom  of  projecting  the  light- 
tower  through  the  roof  of  the  keep- 
ers' dwelling  will  also  be  done  away 
with.  Hereafter  the  keepers'  dwell- 
ing will  be  separate  from  the  build- 
ing housing  the  light  and  signal. 
Under  the  old  system  the  fog-signal 
was  located  in  a  structure  by  itself 
and  in  thick  weather  the  keepers  were 
kept  hurrying  back  and  forth  be- 
tween the  light  and  the  signal.  The 
vibration  of  the  tower  causes  numer- 
ous leaks  to  develop,  while  the  roar 
of  the  wind  about  the  lofty  structure 
))roved  nerve-wracking  to  the  keepers 
and  their  families. 

One  of  the  first  uses  of  concrete 
by  the  Lighthouse  Board  on  the  Paci- 
fic coast  on  a  large  scale  was  in  the 
reconstruction  of  tlie  famous  Tilla- 
mook Rock  Light,  lying  off  the  Coast 
of  Oregon,  (shown  in  Fig.  1).  This 
building  was  originally  constructed 
entirely  of  blocks  of  stone  dove-tail- 

'Port  Townsend,  Wn. 
U98] 


ed  together,  with  brick  tower. 

The  lantern  stands  138'  above  the 
sea  level.  Yet  in  a  terrific  storm  in 
1894  huge  rocks  were  sucked  up  from 
the  bed  of  the  sea  by  the  huge  waves 
and  hurled  against  the  lighthouse. 
Eleven  large  plates  of  glass  encasing 
the  light  were  broken,  the  light  tower 
flooded  and  great  holes  torn  in  the 
structure. 

In  order  to  strengthen  the  light- 
house and  provide  against  contingen- 
cies of  this  nature,  a  second  story  of 
concrete  was  added  to  the  original 
building,  and  the  structure  strength- 
ened throughout  with  this  substantial 
material. 

The  first  lighthouse  in  the  ISth 
District  to  be  built  entirely  of  con- 
crete was  recently  completed  at  Alki 
Point,  near  Seattle,  Wn.,  at  a  cost  of 
$23,800.  This  structure,  shown  in 
Fig.  2,  gave  great  satisfaction  to  the 
Department  and  in  the  fall  of  1913 
the  Board  let  a  contract  for  a  con- 
crete light-tower  at  Point  Wilson,  to 
replace  the  old  wooden  structure 
erected  in  1879-  Tliis  point  is  at  the 
entrance  to  Paget  Sound  and  proba- 
bly more  shipping  passes  it  every  24 
hrs.  than  any  other  point  located  on 


this  great  inland  waterway. 

The  contract  was  let  to  Portland, 
Ore.,  contractors  for  $9,000.  Exca- 
vations were  made  in  the  sandy  soil 
at  the  tip  of  the  point  5'  in  depth  and 
a  foundation  of  concrete  mixed  1 :7 
was  laid. 

The  building,  shown  in  Fig.  3,  is 
28'  by  25'  6"  in  size,  with  walls  12" 
thick.  The  tower  is  47'  6"  from 
ground  to  lantern,  with  an  average 
thickness  of  18".  The  floor  and  walls 
are  reinforced  throughout  with  steel 
and  all  material  are  of  the  best,  hav- 
ing to  stand  government  inspection 
throughout.  It  is  understood  that  the 
contractors  lost  considerable  money 
on  the  job,  not  having  had  prior  ex- 
perience in  building  a  structure  of 
this  kind. 

The  entire  building,  including  the 
tower,  is  lined  throughout  with  til- 
ing 12"  X  12"  X  2"  to  prevent  damp- 
ness should  any  moisture  seep 
through  the  walls.  The  tiling  is  cov- 
ered with  a  tliick  coating  of  concrete 
and  all  outside  and  inside  surfaces 
are  faced  with  a  1 :1  mixture. 

The  stairway  is  of  concrete  and 
consists  of  40  steps.  The  ornate  cop- 
ing around  the  top  of  the  tower,  sur- 
mounted with  brass  rail,  forms  a  bal- 
cony about  the  light.  The  building  is 
covered  with  asbestos  shingles. 

The  fog-signal  consists  of  a  com- 
pressed air  siren,  operated  by  two 
engines  of  18  h.p.  each.  The  con- 
crete engine  foundation  is  14'  long, 
7'  6"  wide  and  5'  deep.  The  fence 
consists  of  concrete  posts  with  iron 
railing,  being  probably  the  first  of 
its  kind  to  be  built  by  the  Depart- 
ment on  the  Pacific  Coast. 

The  tower  on  the  old  wooden  bea- 
con was  not  removed  until  some  time 
after  the  new  light  was  in  commis- 
sion ;  thus  was  presented  the  curious 
sight  of  two  lighthouses  on  one  point. 


Fio.  3 — Alki  Point,  Wn.,  Conchete  Lighthouse — First  Concrete   Lioiitiiouse  ik 

13th  District 

Fig.  3 — Concrete  Lighthouse  at  Point  Wii^on,  Wn. 
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Fio.  1 — General  View  of  Reixforced  Coxcrete  Storage  Da^;    at   Swift  Currext,   Sask.,  Caxada 


Reinforced  Concrete  Storage  Dam  at  Swift 
Current,  Sask.,  Canada 


By  J.  B.  Babcock^ 


A  reinforced  concrete  dam  of  the 
Ambursen  type  has  been  constructed 
on  Swift  Current  river  in  connection 
with  the  storage  reservoir  for  the 
town  of  Swift  Current,  Sask.  Pre- 
vious to  the  completion  of  this  reser- 
voir, the  town,  now  incorporated  into 
a  city,  had  been  getting  its  water 
supply  direct  from  the  river;  but 
owing  to  the  cold  winter  of  1912- 
1913,  and  the  lack  of  snow,  the 
springs  forming  the  source  of  this 
river  became  frozen,  thereby  com- 
pletely cutting  off  the  town  from  its 
water  supply.  The  seriousness  of 
this  water  famine,  and  the  possibili- 
ties of  its  recurrence  another  year, 
led  the  Swift  Current  officials  to  ar- 
range for  the  construction  of  a  stor- 
age dam  as  soon  as  possible. 

The  Ambursen  hollow  reinforced 
concrete  type  of  dam  was  selected  as 
being  best  suited  to  a  gravel  and  clay 
foundation,  and  because  of  the  rapid- 
ity with  which  it  could  be  construct- 
ed. Actual  construction  began  Aug. 
19,  1913,  and  ended  with  the  official 
acceptance  of  the  dam  by  the  town 
on  Dec.  24,  1913. 

A  general  view  of  the  completed 
dam  is  shown  in  Fig.  1.  The  quan- 
tities of  materials  involved  in  this 
work  were  5,300  cu.  yds.  of  gravel 
and  clay  excavation,  5,000  cu.  3'^ds. 
of  earth  embankment,  1,200  cu.  yds. 
of  plain  concrete,  2,300  cu.  yds.  of 
reinforced  concrete  including  100 
tons  of  reinforcing  steel,  37  tons  of 
steel  sheet  piling  and  32,000  f.  b. 
m.  of  wood  sheet  piling.     The  entire 
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work  was  carried  out  in  the  extreme- 
ly short  period  of  19  wks. 

The  general  layout,  shown  in  Figs. 
2  and  3,  consisted  of  a  spillway  178' 
10"  long  with  concrete  core  walls  and 
earth  embankments  at  each  end,  the 
total  length  of  dam  and  core  walls 
being  about  750'.  Fig.  4  shows  a 
t3'pical  section  of  the  spillway.  The 
concrete  in  the  upstream  and  the 
downstream  cut-offs  is  carried 
through  the  gravel  and  at  least  6" 
into  hard  clay.  Lackawanna  steel 
sheet  piling  is  driven  at  the  bottom 
of  the  upstream  cut-off  trench,  and 
"Wakefield"  wooden  sheet  piling  con- 
sisting of  three  2-in.  x  10-in.  planks 
bolted  together  is  driven  in  the  down- 
stream cut-off,  all  piling  projecting 
up  at  least  6"  into  concrete,  and  ex- 
tending 7'  6"  into  the  blue  clay. 
Buttresses  are  14"  thick  and  spaced 
12'  o.  c.  with  temperature  reinforce- 
ment around  the  doorways  and  near 
the  bearing  faces.  Cut-offs  are 
poured  with  1:21/2:5  concrete,  but- 
tresses, floor  and  hearth  with  1:3:6 
mixture,  and  all  decks,  aprons  and 
runways  with  1 :2 :4  mixture.  Two 
S-'m.  wrought  iron  pipes  are  placed 
in  the  apron  of  each  bay  to  prevent 
the  formation  of  a  vacuum  and  the 
consequent  tremor.  Weep  holes 
through  the  floor  and  a  drain  through 
the  floor  ^nd  a,  drain  through  the 
bucket  are  also  left  in  each  bay  to 
relieve  any  upward  pressure  beneath 
the  dam.  Provision  is  made  for  the 
use  of  3-ft.  flashboards  when  desir- 
ed, by  the  insertion  of  flashboard 
pins  in  the  pipe  sockets  which  are 
placed  at  2'  intervals  in  the  crest  of 
the  dam. 
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Fig.  5  shows  a  section  through 
the  intake.  The  intake  is  formed  by 
the  prolongation  of  the  deck  of  the 
dam  to  the  elevation  of  the  abut- 
ments and  the  core  wall.  After  ex- 
clusion of  brush,  etc.,  at  the  trash 
rack,  water  can  be  admitted  into  the 
screen  chamber,  which  is  2'  6"  x  2' 
6",  has  eight  lll/4-lb.  channels  em- 
valve  on  each  of  these  pipes  is  con- 
trolled directly  from  the  gate  house, 
which  is  a  small  structure  of  steel 
and  Hy-Rib''  construction.  The 
screen  chamber,  which  is  2'  6"  x  2' 
6",  has  eight  lll^'lb.  channels  em- 
bedded in  the  concrete  and  these  act 
as  guides  for  the  screens  which  are 
placed  in  2-ft.  sections  in  chamber. 
The  outlet  from  the  screen  chamber 
is  controlled  by  an  18-in.  valve  oper- 
ated by  bevel  gears  and  crank  in 
gate  house.  From  this  outlet  the 
water  is  carried  by  18-in.  pipe  to  the 
pumping  station. 

The  abutments  are  of  the  canti- 
lever type  and  made  of  1 :2l/2  :5  con- 
crete. The  concrete  core  walls  are 
of  plain  concrete,  1:3:6  mixture,  2' 
wide  at  the  top,  battered  ^4"  to  1' 
on  each  side,  and  carried  6"  into 
clay.  Beneath  these  core  walls 
wooden  sheet  piling  is  driven  of  the 
same  type  as  under  the  downstream 
cut-off  of  the  spillway,  and  extend- 
ing about  7'  6"  into  blue  clay.  Earth 
embankments  are  made  on  each  side 
of  the  core  wall,  width  on  top  of  em- 
bankment being  12',  with  slopes  of 
2V2  to  1  and  2  to  1  on  upstream  and 
downstream  sides  respectively. 

Fig.  6  shows  the  progress  of  the 
work  about  2  mos.  after  construction 
had  started.  The  method  of  hand- 
ling the  river  by  a  flume  is  clearly 
shown  in  this  view.  An  upstream 
cofferdam  of  A-frame  construction 
was  built  at  a  narrow  point  in  the 
river,  a  short  distance  above  the 
work,  and  a  simple  cofferdam  of 
sheeting  and  toe-flll  was  built  just 
below  the  dam.  The  flume  through 
which  the  river  was  carried  was  built 
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between  these  cofferdams  and  cross- 
ed the  floor  of  the  dam  near  the 
south  abutmentj  i.  e.,  at  the  extreme 
right  of  the  illustration.  As  soon  as 
a  portion  of  the  floor  and  the  hearth 
had  been  poured,  a  new  section  of 
the    flume    was     constructed    across 

Ohio 

this  completed  floor,  and  the  river 
was  carried  at  this  location  through- 
out the  remainder  of  the  work.  The 
abandoned  section  of  the  flume  was 
torn  out  to  allow  of  the  excavation 
for  the  remainder  of  the  floor  and 
the  hearth. 

Fig.  7  shows  a  panorama  of  the 
spillway  and  the  abutments,  looking 
upstream.  This  view,  taken  about 
five  wks.  later  than  that  shown  in 
Fig.  6,  gives  an  idea  of  the  various 
stages  of  construction  appearing 
with  this  type  of  dam.  At  this  date, 
Nov.  23,  lOl-"',  core  walls  and  abut- 
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the  river  was  sliut  off"  by  dropping  a 
gate  in  tfie  flume  near  tlie  upper 
eofFerdam  and  holding  the  rise  of 
the  river  against  this  cofferdam. 
The  portion  of  the  flume  through  the 
dam  was  immediately  torn  out  and 
forms  and  reinforcing  steel  placed 
for  both  deck  and  bucket  in  this  bay. 
The  concrete  in  the  deck  was  poured 
that  afternoon  and  the  bucket  the 
following  morning,  thus  effecting 
the  complete  closure  of  the  dam. 
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Fig.  o — .Sectiox  Through  Intake  axd  Screen  Chamber 


The  dam  was  formally  accepted 
Dec.  9.\:,  by  the  town  engineer  and 
members  of  the  town  council.  At 
this  time  the  18-in.  sluice  gate  was 
opened. and  a  portion  of  the  flow  of 
the  river  allowed  to  pass  downstream 
to  the  original  town  intake  which  was 
still  in  operation,  and  to  the  C.  P.  R. 
pumping  station  which  supplied  the 
railway's    water   tanks    at   the   t6wn. 

PERSONNEL 

The  dam,  intake,  etc.,  were  de- 
signed and  constructed  by  the  Am- 
bursen  Hydraulic  Constr.  Co.  of  Ca- 
nada, Ltd.,  Montreal.  The  design- 
ing was  done  under  the  direction  of 
W.  F.  Farley,  and  the  work  was  car- 
ried out  in  the  field  by  P\  E.  Cush- 
man,  supt.  of  const.,  and  the  writer 
as  resident  engr.  G.  R.  Heckle, 
mgr.  dir.  of  the  company,  was  .in 
charge  of  all  branches  of  the  work. 
Throughout  the  construction,  the 
town  of  Swift  Current  was  repre- 
sented by  Geo.  D.  Mackie,  then  town 
engr.,  now  engr.-commr.  for  the 
city  of  Moose  Jaw,  Sask. 


Care  must  be  exercised  and  pre- 
cautions taken  to  prevent  large  mass- 
es of  forms  from  falling  on  floors, 
as  the  work  must  be  so  conducted  as 
to  avoid  injury  to  the  concrete. 


ments  were  complete,  the  remaining 
work  being  merely  pouring  the  re- 
inforced slabs  of  the  spillway  and 
grading  embankments  at  the  north 
core  wall. 

The  spillway  was  all  poured  by 
Dec.  12,  with  the  exception  of  a  por- 
tion of  the  deck  and  the  bucket  in 
the  bay  through  which  the  flume  was 
carried.  The  deck  at  this  bay  had 
been  carried  out  in  a  flat  slab  over 
the  flume  and  adjacent  buttresses 
and  extended  3'  upstream.  Stop-log 
grooves  and  a  groove  to  receive  the 
final  deck  slab  were  left  in  these 
buttresses  as  well  as  two  square 
openings  in  extended  flat  slab  to 
pour  final  portion  of  deck.     Dec.  22, 


Fig.  6 — General  View  Looking  North,  Storage  Dam  at  Swift  Ci'RREnt,  Sask., 

Canada 

The  flow  of  the  creek  was  handled  by  means  of  a  small  wooden  flume 
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Fig.  7 — General  View  Looking  L'pstream,  Taken  5  Wks.  Late  r  Than  That  Shown  in  Fig.  6 
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Concrete  Versus    Stone    Revetment,    in   the   Kaw 
Valley  Levee  Work 


By  E.  B.  Murray' 


The  type  of  revetment  agreed  up- 
on by  the  Kaw  Valley  drainage 
board  in  1908  for  the  river  side 
slopes  of  the  dikes  was  of  two  types, 
one  a  stone  or  riprap  revetment  com- 
prising one-man  stone  set  vertically 
on  edge  and  laid  close  together  with 
a  4-in.  covering  of  spalls  over  the 
entire  surface,  as  shown  in  Fig.  1, 
and  the  other  .  a  concrete  slab  4" 
in  depth  and  reinforced  through  the 
center  by  triangular  mesh  wire  (No. 
9)  run  through  the  whole  length  of 
the  slab. 

CONCRETE    SL.\B    REVETMENT 

Tlie  concrete  slabs  were  construct- 
ed 8'  wide  with  a  %-in.  seven-strand 
galvanized  cable  running  through- 
out the  length  of  the  slab  (see  Fig. 
7).  At  the  bottom  these  cables  were 
bent  back  into  the  slab  a  distance 
of  4'  and  the  loop  left  to  project 
out  so  as  to  form  an  eye  to  which 
furthei"  extensions  of  the  protection 
could  be  made  from  time  to  time. 

The  mixture  for  the  slabs  was 
1  :2 :4.  The  slabs  were  poured  di- 
rectly from  the  top  of  the  embank- 
ment by  a  portable  mixer  which  emp- 
tied directly  into  the  wooden  chutes, 
as  shown  in  Figs.  2,  3  and  4.  After 
the  chutes  had  been  laid  clear  down 
the  entire  length  of  the  slope,  con- 
crete was  placed  between  the  side 
'boards   to   a   depth   of   2".      As   the 


'E.  B.  Murray  &  Co.,  Cons.  Engrs.,  Kansas 
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Fig.  1 — Rock  Revet3ient  on  Kaw  Val- 
ij:y  Levee  Work  Near  Kansas  City,  Mo. 

Rock  laid  perpendicular,  with  the  smallest 
surface  uppermost 

work  progressed  up  the  slope,  sec- 
tions of  the  chutes  were  set  to  one 
side. 

When  the  2-in.  layer  of  concrete 
finally  reached  the  top,  the  wire 
cables  and  the  triangular  mesh  were 
laid,  the  chutes  replaced  and  the  en- 
tire    operation     repeated.        Rough 


troweling  was  done  with  shovels  and 
only  every  alternate  slab  poured,  as 
shown  in  Fig.  4,  thus  giving  each 
slab  time  to  set  before  an  adjoining 
slab  was  placed. 

The  sides  of  the  slabs  were  nec- 
essarily rough  and  slightly  irreg- 
lar,owing  in  some  cases  to  the  bulg- 
ing of  the  forms  ,  so  that  when  the 
intermediate  slabs  were  placed  the 
bond  between  them  was  good  and  in 
a  way  they  were  keyed  into  those 
that  had  been  previously  poured. 
The  slope  was  thoroughly  Avet  before 
any  concrete  was  placed  in  order  to 
avoid  the  earth's  absorbing  any  of 
the  water  of  the  concrete.  Fig,  2 
shows  the  position  of  stationary  mix- 
ing plant  where  the  top  of  the  levee 
was  too  narrow  for  the  plant  to  be 
moved  from  time  to  time.  It  also 
shows  bundles  of  triangular  mesh 
reinforcement  and  narrow-gauge 
track  over  which  the  dump-cars  oper- 
ated after  having  been  filled  at  the 
mixer. 

Figs.  3  and  4  show  the  mixing 
plant  and  the  concreting  of  alter- 
nate slabs.  Note  in  Fig.  3  the  dif- 
ference in  the  color  of  the  slabs  that 
have  just  been  poured  and  the  ones 
that  were  poured  first.  Fig.  4  shows 
how  the  first  2"  of  concrete  for  the 
slab  is  poured  and  spread.  It  also 
shows  how  the  chutes  are  handled, 
the  position  of  the  mixing  plant, 
which  is  moved  ahead  with  pinch- 
bars  after  the  slab  is  poured,  and 
the  walking  boards  used  by  the  men 
in  going  up  and  down  the  slope. 

Fig.  5  shows  the  dump-cars  in 
operation,  dumping  concrete  into  the 
chutes. 

Fig.  6  shows  the  plant  layout  used 
to  construct  all  of  the  revetment 
where  the  full  width  of  the  top  of 
the  levee  could  be  utilized. 

The  concrete  materials  were  haul- 
ed in  wagons  and  deposited  at  con- 
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Fig.  5 — Portahle  Cars  Dumping  Concrete  ixto  Chutes 


venient  points  along  the  top  of  the 
levee  and  toward  the  rear.  A  %-in. 
pipe  line  furnislied  water  for  the 
boiler  and  the  mixer. 

The  plant  was  moved  up  close  to 
the  river  slope  of  the  levee  and  as 
soon  as  a  slab  had  been  poured  it 
was  moved  ahead  on  running  boards 
by  means  of  pinch-bars  until  it  was 
in  position  to  pour  the  next  slab. 

The  crew  usually  employed  was 
composed  of  two  men  to  wheel  sand, 
two  for  the  chats,  one  for  the  ce- 
ment, one  engineer  who  also  attend- 
ed the  mixer,  one  man  to  shift  the 
running  boards  and  six  men  to  han- 
dle the  chutes  and  spread  the  con- 
crete. 

CONCRETE    BLOCK    REVETMENT 

A  third  type  of  revetment,  which 
served  as  an  auxiliary  to  the  con- 
crete slabs,  consisted  of  concrete 
block  4"  x  24"  x  221/0 '%  reinforced 
with  the  wire  mesh  above  mentioned 
and  also  with  21l/4-in.  galvanized 
rods  looped  at  each  end  so  as  to  form 
an  eye  at  opposite  ends  of  the  block, 
as  shown  in  Figs.  7  and  8.  These 
block  were  used  at  the  foot  of  the 
embankment  in  order  to  prevent  the 
river  from  cutting  under  the  concrete 
revetment,  as  shown  in  Fig.  9-  They 
were  fastened  together  by  %-in.  gal- 


vanized iron  seven-strand  cable, 
which  was  threaded  through  the 
eyes  of  the  block  and  also  through 
the  eyes  of  the  cable  at  the  bottom  of 
the  slabs. 

It  will  be  readily  seen  that  the 
concrete  block  revetment  was  sub- 
stantially the  same  as  a  willow  mat- 
tress, except  that  it  had  to  be  laid 
when  the  river  was  extremely  low 
and  could  extend  out  to  the  water's 
edge  only.  The  theory  of  this  type 
of  revetment  was  that  when  the  river 
started  cutting  out  under  the  toe  of 
the  revetment  these  blocks  would 
follow  the  slope  down,  thus  prevent- 
ing any  great  amount  of  damage. 

On  different  portions  of  the  work, 
great  difficulty  was  encountered 
through  the  slope's  sliding  and  bulg- 
ing out  at  the  bottom,  due  to  sub- 
aqueous springs  that  flowed  over  an 
underlying  stratum  of  blue  clay  or 
rock,  which  pitched  toward  the  river. 
Where  this  occurred,  it  was  neces- 
sary to  bring  back  the  material  that 
had  slid  and  replace  it  in  the  slope 
or  to  cut  the  slope  over  again,  bring- 


ing in  new  ma-terial  and  wasting 
tliat  excess  material  wl)ich  was  at  the 
foot  of  the  slope.  Several  of  these 
slides  occurred  where  the  riprap 
type  of  revetment  had  been  placed, 
with  the  result  that  the  revetment 
had  to  be  taken  out  and  the  slides 
repaired  at  a  great  expense. 

The  cost  of  the  original  riprap 
per  sq.  yd.  was  $1.2.';,  while  the  cost 
of  replacing  it  after  the  slides  had 
occurred  was  about  $1.80.  The  con- 
crete revetment  cost  3  cts.  more  per 
sq.  yd.,  or  $1.28,  but  none  of  it  had 
to  be  replaced  after  it  was  laid. 

At  two  particularly  bad  places, 
one  at  each  side  of  the  river  in  the 
vicinity  of  the  Kansas  City  Southern 
bridge,  slides  occurred  repeatedly 
and  every  expedient  was  used  at 
these  points  to  get  the  levee  to  main- 
tain the  prescribed  slope.  In  one 
instance  holes  were  drilled  down 
through  the  rock  formation  and 
heavy  charges  of  dynamite  exploded, 
the  plan  being  to  break  up  the  shelf 
over  which  the  water  was  running 
and  force  it  to  seek  another  channel. 

Another  method  used  was  to  drive 
a  tight  row  of  Wakefield  sheet  pil- 
ing, using  3-in.  x  12-in.  timber  from 
16'  to  20'  -long  and  cabling  it  back 
to  dead  men  set  in  the  ground  by  the 
levee.  Neither  of  these  methods  ac- 
complished the  desired  result,  but 
after  replacing  the  dirt  that  had  slid 
for  the  fourth  or  fifth  time  and  re- 
vetting the  slope  as  rapidly  as  pos- 
sible with  the  above  mentioned  con- 
crete type  of  slab,  no  further  trouble 
has  been  encountered. 

It  is  the  writer's  opinion  that  these 
slabs  form  such  a  bond  with  each 
other  as  to  hold  back  any  tendency 
of  the  dirt  to  slide  out  of  place,  and 
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Fig.  6— Sketch  Showing  Coxcrete  Plant  Layout,  Kaw  Val- 
ley Le\t:e  Work 


Fig.  7 — ^Details  of  Concrete  Block  Used  for  Flexible  Cox- 
crete  Mattress 
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Smooth  Forms 

The  finish  of  forms  for  exposed 
concrete  depends  upon  the  degree  of 
finish  called  for  in  the  specifications. 
If  the  concrete  is  to  show  a  smooth 
surface,  the  surface  of  the  form  in 
contact  with  it  should  be  smooth. 
Joints  should  be  made  perfectly  flush 
after  they  are  built  in  place  by  plan- 
ing off  any  unevenness  or  projec- 
tions that  occur  or  any  openings  at 
joints  or  corners.  Knot-holes  or  oth- 
er voids  should  be  plugged  flush  with 
some  stiff,  plastic  substance,  such  as 
fire  clay  mixed  with  plaster  of  paris,^ 
or  sand. 


Fig.  8 — Curixg  Coxcrete  Block  ix  "Block  Yard" 
Fig.  9 — A  Stretch  of  Coxcrete  Revetjiext 

The  concrete  block  are  connected  with   "^i-in.  .se%'en-strand  galvanized  cable  threaded 
through  the  eyes  in  the  block  and  in  the  bottoms  of  the  slabs 


Our  old  friend  Daily  Consular  and 
Trade  Reports  has  taken  a  new  title. 
It  comes  now  under  the  name  of 
Commerce  Reports  and  marks  an  ad- 
vance in  the  work  of  the  Bureau  of 
Foreign  and  Domestic  Commerce. 
The  new  paper  is  to  be  an  up  to  date 
journal.  Instead  of  taking  four 
days  in  the  making,  as  the  old  Daily 
Consular  and  Trade  Reports  did,  the 
Commerce  Reports  will  be  turned  out 
at  the  Government  Printing  Office 
within  10  hrs.  with  the  latest  word 
from  all  the  markets  of  the  world. 
Much  interesting  information  will  be 
available. 
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also,  if  the  material  has  a  tendency 
to  squeeze  out  under  the  bottom  of 
the  slab,  the  slab,  in  following  this 
material  down,  either  binds  itself 
into  those  on  each  side  or  forms  an 
arcli  over  the  hole.  In  either  case 
it  absolutely  protects  the  bank  from 
wasliing  and  in  the  event  of  the  hole 
under  the  slab  becoming  so  large 
that  the  slab  should  break,  it  is  eas- 
ily repaired  by  pouring  another  slab 
of  concrete  reinforced  as  the  first 
was  in  this  hole,  first  drilling  holes 
in  tlie  old  slab  in  which  8-in.  dowels 
are  placed  in  order  to  insure  a  firm 
bond  between  the  two  surfaces. 

To  the  writer's  mind,  judging 
from  the  experience  that  he  has  had 
with  tl)is  type  of  work,  this  method 
of  protection  is  far  superior  to  the 
riprap.  It  is  more  quickly  placed, 
looks  neater  (see  Fig.  10),  offers 
less  f rictional  resistance  to  the  water, 
is  more  easily  and  cheaply  repaired 
and  wherever  possible,  especially  if 
there  is  a  small  difference  in  the  cost, 
it  should  be  used  in  preference  to 
riprap   (see  Fig.   11). 

Inasmuch  as  90%  of  this  work 
was  done  by  general  contract  it  was 
impossible  to  get  at  the  actual  cost, 
but  subsequent  work  which  has  been 
done  by  the  Board  of  Directors  has 
shown  that  this  concrete  can  be 
placed  for  from  $1.00  to  $1.05  per 
sq.  yd.     This  is  taking  into  consid- 


eration  the  fact  that  the  sand  used 
is  obtained  from  Stewart-Peck  Sand 
Co.'s  plants  which  are  operated  in 
the  Kaw  River  and  the  stone  was 
Joplin  chats. 


Exposed  surfaces  of  freshly  plac- 
ed concrete  should  be  shaded  by 
boards  or  tarpaulins  to  protect  them 
from  rain,  dust,  wind  and  the  hot 
rays  of  the  sun. 
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Fig.  10 — A  CoMPi,E'n;o  Piece  of  Concrete  Slab  Revetment 

Xote  the  smoothness  and  uniformity  of  the  work  as  compared  with  the  riprap  type  of 
revetting  shown  in  Fig.  11 


Fig.  11 — A  Co.mpleted  Pikce  of  Riprap  Work 
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Notes  on  Concrete  Construction  on  the  N.   Y. 
State  Barge  Canal 


By  Geo.  C.  Mills' 


multiplicity  of  problrrns,  compara- 
tively simple  yet  vital  to  ultimate  suc- 
cess, is  an  important  distinction  be- 
tween this  and  the  Panama  Canal, 
with  fewer  but  vastly  more  compli- 
cated obstacles  to  overcome. 

CONCRETE   TROUGHS 

The  concrete  troughs  of  the  Barge 
Canal  are  of  special  interest  because 


The  State  of  New  York  has 
brought  nearly  to  completion  the 
greatest  engineering  enterprise  un- 
dertaken by  any  state.  The  Barge 
Canal  system,  with  a  main  line  342 
mi.  in  length  from  Albany  to  Buf- 
falo, one  branch  from  the  Hudson 
to  Lake  Champlain,  a  second  from 
Syracuse  to  Lake  Ontario,  and  a 
third  on  the  south  to  Cayuga  and 
Seneca  Lakes,  comprises,  with  inter- 
vening lakes  and  rivers  which  have 
been  canalized,  a  total  of  790  mi.  of 
navigable  channel  having  standard 
dimensions. 

The  old  Erie  canal  has  witnessed 
many  years'  development  in  construc- 
tion methods.  Built  with  a  water 
depth  of  4',  which  was  increased 
within  50  yrs.  to  7',  by  wheelbarrows 
and  teams,  the  channel  is  now  deep- 
ened to  12'  after  the  removal  of  125,- 
000,000  cu.  yds.  of  excavation  by 
present-day  machines,  operated 
largely  by  power  electrically  trans- 
mitted. The  contractor  and  his  huge 
working  tools  are  about  to  disappear, 
and  the  structural  features  which 
will  serve  as  monumental  records  of 
the  change  from  the  old  to  the  new 
are  the  monolithic  masses  of  con- 
crete. Every  masonry  structure  on 
the  Erie  canal  was  of  quarried  stone ; 
on  the  Barge  Canal  concrete  is  used 
throughout.  About  3,000,000  cu. 
yds.  of  concrete  have  been  placed. 

Reinforced  concrete  has  been  used 
sparingly.  The  platform  approaches 
on  the  bridge  abutments,  the  footing 
connections  of  walls  and  the  flooring 
of  troughs  are  reinforced,  as  are  also 
the  power  stations,  20''  x  30'  in  plan 
and  about  20'  high,  built  adjacent  to 
the  locks,  which  are  to  be  lighted  and 
operated  by  hydro-electric  plants. 

CONCRETE    LOCKS 

The  main  line  of  the  canal  across 
the  state  is  served  by  35  locks  and 
the  branch  canals  by  22.  The  length 
of  the  locks  between  gates  is  340', 
accommodating  boats  311'  long.  The 
width  is  45'  and  the  water  depth  over 
sills  is  14',  providing  for  future  en- 
largement. The  lifts  vary  from  6' 
to  40'.  The  lock  with  a  40-ft.  lift  is 
at  Little  Falls  on  the  Mohawk  River, 
with  the  exception  of  those  at  the 
This  is  the  greatest  lift  in  the  world 
Panama  locks.     At  Lockport  and  at 

»Civ.   Engr.,  Rochester,   N.  Y. 
Afril,  1915 


Fig.  1 — Head  of  Lock  at  I.ocKPonT,  X.  Y.,  Lookixg  East,  N.  Y.  State  Barge  Caxai 


Seneca  Falls  are  flights  of  two  locks 
combined  tandem  with  a  total  lift  of 
49',  as  shown  in  Figs.  1  and  2.  The 
side  walls  of  the  locks  vary  from  28' 
to  60'  in  height,  reaching  an  extreme 
of  80'  in  one  section  of  the  Little 
Falls  lock.  The  width  of  the  walls 
at  the  top  is  from  5'  to  7'  and  at  the 
bottom  from  13'  to  34'. 

The  lock  design,  following  well 
tried  principles,  is  noteworthy  be- 
cause of  ingenuity  in  meeting  local 
conditions  and  of  skill  in  handling 
materials     during     construction.       A 


of  the  use  of  concrete  under  original 
plans  designed  to  meet  unusual  con- 
ditions. In  the  eastern  portion  of 
the  state,  the  stream  flow  is  gener- 
ally parallel  with  the  course  followed 
by  the  canal,  and  much  of  the  new 
channel  is  formed  by  river  canaliza- 
tion. The  streams  in  the  western 
third  of  the  state  run  north,  and  the 
problem  has  been  met  of  construct- 
ing channel  crossings  over  three 
broad  valley  depressions.  The  smal- 
ler Erie  canal  was  carried  across  on 
embankments  with  side  slopes  of  the 


Fig.  2 — Foot  of  Lock  at  Lockport,  X.  Y.,  N.  Y.  State  Barge  Caxal 
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Fig.  3 — Irondequoit  Tuouciii  Lookixg  West  from  East  Exd,  N.   Y.  State  Barge  Canai, 

Fig.  4 — N.  Y.  Barge  Caxal  Trough  Lookixg  West;  Part  of  the  Irovdequoit  Yam.ey  Crossing 


prism  protected  with  planking.  The 
greater  weight  and  water  pressure  of 
the  new  channel  required  a  different 
method. 

The  longest  concrete  trough  is 
over  Irondequoit  Creek,  8  mi.  east  of 
Rochester;  the  second  in  length  is  at 
Holley,  near  the  eastern  border  of 
Orleans  Co.,  and  is  104'  wide  and 
2,200'  long,  and  the  third  is  at  Eagle 
Harbor  in  the  same  county,  600'  long 
and  9i'  wide.  The  last  two  have  been 
completed  and  in  operation  during 
two  seasons  of  navigation  and  neither 
leakage  nor  settlement  has  appeared. 
The  water  depth  provided  in  all 
troughs  is  14', 

Figs.  3  and  4  show  general  views 
of  the  Irondequoit  trough  and  lin- 
ing. 

DESIGN    OF   THE   IRONDEQUOIT   TROUGH 

The  Irondequoit  Trough  is  3,800' 
long  and  96'  wide,  ui^on  an  embank- 
ment reaching  80'  in  height  over  the 
greater  part  of  its  length.  Owing  to 
excessive  curvature  in  the  alignment 
of  the  old  canal,  the  new  embank- 
ment was  built  upon  a  direct  course. 
The  material  is  a  fine  sand  brought 
by  train  and  settled  in  place  by  wa- 
ter-jets. The  embankment  was  com- 
pleted in  the  fall  of  IPIO.  Con- 
struction of  the  trough  began  in  Dec, 
1910,  and  was  completed  in  May, 
1911. 

From  the  end  of  tlie  trough  east- 
ward, the  new  earth  channel  devel- 
oped weakness  and  the  sides  and  the 


bottom  for  a  length  of  1.900'  were 
jjrotected  with  concrete  lining.  An 
additional  trough,  900'  long,  was 
also  built,  extending  from  the  end 
of  the  lining  over  a  culvert.  Thus 
the  canal  for  a  length  of  6,600' 
passes  through  a  channel  constructed 
of  concrete. 

The  trough  walls  and  the  side 
slopes  of  the  lining  were  erected  in 
sections  30'  long,  jointed  at  the  ends 
and  without  reinforcement  except  at 
the  floor  connections.  The  floor  was 
then  placed,  tlie  same  method  being 
used  in  building  the  floor  for  both  the 
trough  and  the  lining. 

The  floor  is  22'  6"  thick,  composed 
of  a  bottom  course  12"  thick  laid  in 
30-ft.  squares,  reinforced  as  shown 
in  Figs.  5,  6  and  7;  upon  this  is  laid 
tar-felt  waterproofing  covered  with 
6"  of  sand  filling,  and  a  top  course 
of  4"  of  concrete  in  squares  of  10', 
as  shown  in  Fig.  7.  The  reinforce- 
ment consists  of  %-in.  deformed  bars 
3'  long,  sjiaced  6"  c.  to  c,  and  stag- 
gered. 

Fig.  8  shows  a  typical  detail  of  the 
joints  in  the  walls  of  the  trough. 

There  are  approximately  50,000 
cu.  yds.  of  concrete  in  the  3,800-ft. 
trough,  12,000  eu.  yds.  in  the  900-ft. 
trough,  and  13,000  cu.  yds.  in  the 
1, 900-ft.  lining,  making  a  total  of 
75,000  cu.  yds. 

CONSTRUCTION    METHODS 

The  concrete  plant  was  establish- 
ed  at  the   east  end   of  the   3,800-ft. 


trough,  convenient  for  delivery  of 
gravel  from  a  nearby  pit  located  on 
high  ground.  The  gravel  was  hauled 
to  a  bin  by  a  dinkey  train  on  a  tres- 
tle about  60'  high.  From  the  bin  the 
material  was  run  by  gravity  into  the 
crusher,  and  thence  by  belt  conveyors 
was  carried  to  two  bins,  one  for  sand 
and  the  other  for  crushed  stone.  At 
a  lower  elevation  than  the  bins,  three 
Koehring  mixers,^  each  having  1^ 
cu.  yds.  capacity,  were  installed  to  be 
operated  separately  or  together. 

From  the  mixers,  chutes  emptied 
into  buckets  on  flat  cars  drawn  by 
dinkey  engine  with  two  or  three  cars 
per  train.  Upon  reaching  the  forms, 
the  buckets  were  handled  by  Dobbie 
derricks.*  After  the  walls  were 
erected,  the  flooring  was  placed,  the 
same  general  methods  being  follow- 
ed. In  addition  to  the  gravel  bin  at 
the  crusher,  a  considerable  amount  of 
gravel  was  banked  below  and  sup- 
plied to  the  crusher  by  a  derrick 
whenever  delivery  from  the  pit  was 
delayed.  With  this  precaution  the 
concrete  reached  the  site  without  in- 
terruption between  batches. 

The  trough  walls  were  erected  with 
Blaw  steel  forms*  which  were  housed 
in  and  coke  fires  maintained,  keep- 
ing the  temperature  at  about  40°  F. 
during  zero  weather.  Through  these 
precautions,  operations  were  not  de- 
layed even  in  the  coldest  weather 
and  satisfactory  results  in  the  com- 
pleted structures  were  secured.     As 


^Koehring  Mach.  Co.,  Milwaukee 
'Dobbie   Fdy.  &   Mach.   Co.,   Niagar; 
.  Y. 
••Blaw  Steel  Constr.  Co.,  Pittsburgh 


Fig.  5— Tvpicai.  Section  Siiowixg  Coxcrete  Trough,  Iroxdequoit  Creek  Embaxkmext 
Fig.   6— Typical   Sectiox    Siiowixg    Coxcrete    Lixixg,    N.   Y.   State  Barge  Caxal 
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a  portion  of  tlic  new  channel  follows 
the  line  of  the  Eric,  concrete  was 
laid  in  the  winter,  in  order  not  to  in- 
terfere with  navigation. 

From  800  cu.  yds.  to  900  cu.  yds. 
of  concrete  were  laid  per  da.,  the 
concrete  being  mixed  in  the  propor- 
tion of  1  part  Portland  cement,  2^2 
parts  sand  and  5  parts  broken  stone" 
These  proportions  have  been  practi- 
cally the  standard  on  all  structures 
on  the  canal. 

The  contract  price  was  $7.00  per 
cu.  yd. 

The  3,800-ft.  section  has  been  in 
commission,  beginning  with  the  sea- 
son of   1911,  and  has  developed  no 
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sidered  and  it  is  believed  that  the 
plans  when  adopted  will  provide  for 
reconstruction  of  the  embankment 
settled  in  place  by  water-jet,  a  period 
for  settlement  by  continued  use  of 
the  concrete  flume  and  rebuilding  the 
concrete  trough. 

GUARD    GATES 

Near  both  ends  of  each  trough  in 
Orleans  Co.,  and  of  the  6,600-ft.  sec- 
tion across  Irondequoit  valley,  guard- 
gates  are  situated  to  shut  off  the  flow 
in  case  of  leakage  or  a  break.  These 
gates,  while  minimizing  damage, 
cannot  prevent  disastrous  results  to 
adjoining  property  and  to  navigation, 
should  structural 
failure  occur. 

MISCELLANEOUS 

The  combined 
length  of  chan- 
n  e  1  depending 
for  security  up- 
on troughs  and 
lining,  9,400'. 
Strength,  imper- 
viousness  and 
durability  are  es- 


sponsiblc  for  results,  and  creditable 
to  tlie  contractors  whose  methods  in 
planning  their  work  and  manipulat- 
ing materials  accomplished  the  re- 
sults with  speed  and  certainty. 


'ooe 


Describing  a  new  method  of  hand- 
ling concrete  in  the  Franklin  tunnel, 
tlie  Los  Angeles  Times  says: 

A  contract  was  closed  yesterday  with 
the  agent  of  an  hydraulic  cement  placer, 
to  be  used  in  lining  the  Franklin  tunnel, 
which  will  save  the  department  about 
$8,000  on  the  job.  Instead  of  hauling  the 
mixed  cement  into  the  tunnel  in  cars  and 
shoveling  it  behind  tiie  forms  as  hereto- 
fore, this  machine  works  outside  the  tun- 
nel and  shoots  the  cement  behind  the 
forms  through  a  pipe.  The  rapidity  of 
the  process,  which  was  inspected  in  opera- 
tion up  north  by  an  engineer  of  the  water 
department,  is  so  rapid  as  compared  with 
the  old  way  that  the  saving  is  about  one- 
half  on  the  job. 


A  continuous  mixer  may  be  tested 
by  measuring  out  a  batch  of  concrete 
in  the  desired  proportions  and  riin- 
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^iG.   7 — Plan-   Showixg   Arrangement  of  Squares  of   Rein- 
forcing IN  Floor  System 
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Fig.  8 — Detail  of  Joints  in  Trough  Walls 


structural  weakness.  Seepage  has 
not  appeared.  The  trough  has  set- 
tled 0.15'  without  evidence  of  strain. 
The  shorter  trough  of  900'  and  the 
section  protected  with  lining  went 
into  commission  a  year  later,  with 
equally  favorable  results. 

BREAK    IN    THE    IRONDEQUOIT    TROUGH 

A  large  break  occurred  Sept.  2, 
1912,  over  the  Irondequoit  Creek  cul- 
vert, after  nearly  two  seasons  of 
navigation  had  elapsed.  At  this  point 
the  trough  was  built  upon  the  old 
embankment  of  the  Erie  canal,  which 
settled  under  the  greatly  increased 
load,  opening  joints  in  the  structure. 
The  earthwork  was  torn  away  by  the 
rush  of  water,  and  in  a  few  minutes 
700'  of  trough  had  fallen;  a  partial 
view  of  this  is  shown  in  Fig.  9. 

Temporary  repairs  were  rushed,  a 
timber  flume  22'  wide  was  erected 
and  navigation  reopened  at  end  of  6 
wks.  The  flume  has  been  continued 
in  operation,  pending  adoption  of 
plans  for  permanent  reconstruction. 
This  subject  has  been  carefully  eon- 
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sential  qualities  in  the  concrete,  while 
from  the  nature  of  the  structures  ab- 
solute uniformity  in  materials  and 
workmanship  is  as  imperative  as  in 
the  construction  of  a  dam.  Several 
seasons  of  navigation  have  afl^orded 
tests  satisfastory  to  the  engineers  re- 


ning  it  through  the  machine  to  see 
whether  or  not  it  feeds  correctly.  If 
not  mixed  properly  it  should  be  run 
through  again  or  mixed  by  hand. 
Several  tests  should  be  made  each 
day  to  see  that  the  cement  delivered 
is  constant  in  amount. 


Fig.  9— View  Showing  the   Iroxdequott  Creek   Bridge   6   Mi.   E\st  of   Rochester 
Looking  East,  Sept.  2,  1912  ' 
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The    Regulation    of  Concrete    Block 
Manufacture  and  Use  □  □ 

Discussed  By  S.  W.  Stratton/  W.    !M.  Kinney''  and  James  C.  Keller' 


"We  should  like  to  see  some  dis- 
cussion of  regulations  governing  the 
manufacture  and  use  of  concrete 
block  and  concrete  stone  which  might 
point  the  way  for  municipal  building 
code  requirements  consistent  with  the 
requirements  of  other  building  ma- 
terials, and  at  the  same  time  con- 
sistent in  the  sense  of  some  uniform- 
ity of  regulation  as  among  various 
cities.  The  wide  range  of  city  build- 
ing code  regulations  of  strength  and 
absorptive  qualities  is  very  discon- 
certing and  indicates  indecision,  dis- 
agreement and  lack  of  knowledge  of 
what  really  should  be  expected  of  the 
material.  First :  Why  should  a  com- 
pressive strength  of  1,000  lbs.  per 
sq.  in.  of  gross  area  (1,500  lbs.  net 
area)  of  block  be  required?  Why 
not  1^00  lbs.  ?  Would  a  require- 
ment of  1,W0  lbs.  afford  ample  pro- 
tection? Is  not  the  requirement  of 
1,500  lbs.  inconsistent  when  common 
brick  used  in  many  cases  in  similar 
work  as  concrete  block,  crush  at  from 
700  lbs.  to  900  lbs.?  Is  it  not 
wrong  that  a  building  code  permits 
the  loading  of  block  to  only  8  tons 
per  sq.  ft.,  while  requiring  a  com- 
pressive strength  in  net  area  of  72 
tons?  Is  not  a  factor  of  safety  of  9 
unnecessarily  conservative  in  view  of 
the  fact  that  the  loading  of  a  rein- 
forced concrete  column  is  permitted 
up  to  ^.6  tons?  Second:  Is  it  right, 
in  view  of  comparison  with  other 
materials,  that  a  building  code  re- 
quires that  concrete  block  shall  not 


'Dir.  of  the  Bur.  of  Standards,  Washington, 
D.  C. 

'Engr.  in  Charge  Insp.  and  Inf.  Bur.,  Uni- 
versal Portland  Cement  Co.,  Chicago 


'Gibraltar  Stone  Co.,  Cleveland 
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show  more  than  5%  absorption? 
Third:  Is  not  it  possible  that  the 
real  solution  of  the  difficulty  is  in  a 
sliding  scale  of  requirements  de- 
pending upon  the  nature  of  the  work 
and  the  wall  height?  A  semi-wet 
process  block  (a  tamped  block)  is  a 
good  unit  for  some  construction  and 
is  economical.  Should  it  be  made  to 
come  under  the  same  regulations  as  a 
cast  stone  made  to  compete  with 
high-priced  natural  stone  in  more  ex- 
pensive work?  Should  not  the  regu- 
lations govern  the  uses  of  the  ma- 
terials of  certain  varying  strength 
and  absorptive  values  and  leave  it  to 
the  manufacturer  to  decide  what  kind 
of  business  he  wants  to  get?  One 
manufacturer  might  choose  to  make 
concrete  stone  to  resist  compression 
np  to  3,000  lbs.  or  1^,000  lbs.  and 
have  an  absorption  as  low  as  3%. 
His  product  could  be  designated  as 
No.  1  or  "A"  and  so  marked  in 
manufacture,  and  its  use  be  permitted 
under  loading  conditions  based  upon 
its  real  loading  value.  Another  manu- 
facturer might  make  a  product  to 
test  1,000  lbs.  net  area  in  compres- 
sion and  at  5%  for  absorption.  His 
product  would  be  marked  "B."  Still 
another  manufacturer  produces  con- 
crete block  in  class  "C"  for  use  only 
in  light,  two-story  construction  where 
the  walls  would  be  hollow  or  other- 
wise insulated  and  waterproof.  Why 
should  not  block  for  this  purpose  be 
passed  for  use  on  all  work  where 
common  red  brick  would  be  accepta- 
ble, with  a  compressive  strength  of 
700  lbs.  and  absorption  up  to  10%, 
which  would  be  an  improvement  upon 
the  density  of  a  large  amount  of 
common  brick?" 
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By  Mr.  Stratton 

The  need  of  more  uniformity  in 
the  building  law  requirements  gov- 
erning various  types  of  building  ma- 
terials has  long  been  recognized. 
Most  of  these  differences  arise  from 
a  lack  of  definite  knowledge  regard- 
ing the  properties  of  different  types 
of  building  materials  and  from  a  de- 
sire to  utilize  local  materials  as  much 
as  possible. 

The  allowable  working  compres- 
sive stresses  for  various  types  of 
masonry  construction  depend  on  the 
strength  of  the  constituent  materials, 
i.  e.,  the  binder  and  the  filler.  It 
must  be  recognized  that  the  strengths 
of  individual  brick  or  concrete 
blocks  differ  considerably  from  the 
strength  of  the  masonry  in  which 
these  materials  are  employed.  The 
character  of  the  binding  material 
greatlj^  influences  the  resulting 
strength  of  the  masonry.  Further, 
in  choosing  the  compressive  stress 
requirements  of  concrete  block  or 
brick  it  should  be  remembered  that 
the  ultimate  strength  of  these  mate- 
rials is  considerably  in  excess  of  the 
stress  at  which  these  materials  take 
a  permanent  set  and  begin  to  fail. 
Therefore,  when  it  is  recognized  that 
masonry  composed  of  concrete  block 
generally  develops  less  strength  than 
concrete  block  alone  and  further  since 
the  ultimate  strength  is  considerably 
in  excess  of  the  point  at  which  the 
material  begins  to  fail  a  factor  of 
safety  of  9  is  not  unnecessarily  con- 
servative. 

With  regard  to  the  limits  specified 
for  absorption  of  concrete  block  two 
factors  must  be  borne  in  mind. 

First,  the  durability  or  the  resis- 
tance of  concrete  block  to  the  action 
of  frost  and  the  elements,  and  second, 
the  appearance  of  the  surface  fol- 
lowing a  storm  or  exposure  to  mois- 
ture. The  damp  appearance  which 
some  plain  concrete  block  present  for 
some  time  after  exposure  to  water  has 
prejudiced  many  people  unnecessar- 
ily  against   their   use;    brick   escape 
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this  prejudice  because  of  their  color 
and  the  character  of  their  surfaces. 

If  the  surface  of  concrete  block 
were  to  be  given  character  by  means 
of  exposed  selected  aggregates  or  the 
block  covered  with  a  stucco  of  pleas- 
ing appearance,  the  prejudice  arising 
from  the  damp  appearance  of  plain 
concrete  block  following  their  ex- 
posure to  moisture  would  disappear. 
Stucco  of  Portland  cement  and  sand 
in  which  the  amount  of  water  ab- 
sorbed is  as  high  as  10%  has  suc- 
cessfully withstood  the  action  of 
frost  and  the  elements. 

Building  law  requirements  should 
be  amplified  so  as  to  permit  the  use 
of  all  materials  capable  of  resisting 
the  action  of  frost  and  the  elements, 
and  of  sufficient  strength  to  carry 
safely  the  load  required  for  various 
types  of  buildings.  This  could  be 
accomplished,  in  the  case  of  concrete 
block,  by  establishing  diff"erent  com- 
pressive strength  and  absorption  re- 
quirements for  various  classes  of  con- 
crete block. 

By  Mr.  Kinney 

'The  question  is :  Shall  the  manu- 
facturer of  one-piece,  tamped  block, 
made  from  a  rather  dry  mixture  us- 
ing fine  aggregate,  be  encouraged  in 
his  efforts  to  compete  in  price  with 
the  poorest  and  cheapest  building 
materials  marketed  in  his  locality,  or 
shall  he  be  educated  to  the  superior 
possibility  of  well  made  concrete 
block.? 

If  the  former  attitude  is  to  be 
taken,  then  pressure  may  be  brought 
to  bear  upon  building  departments 
to  lower  the  established  standard  of 
building  codes,  so  that  block  of  the 
poorest  quality  may  be  admitted. 
This  can  be  accomplished  by  remov- 
ing restrictions,  lowering  standards, 
or  establishing  a  so-called  "sliding 
scale."  In  doing  any  of  these  things 
the  concrete  block  is  invited  to  in- 
jure the  entire  cement  industry  by 
exposing  to  the  layman  in  his  busi- 
ness building  or  residence  the  la- 
mentable spectacle  of  concrete  which 
is  porous,  weak  and  otherwise  un- 
satisfactory. Naturally  all  concrete 
construction  would  be  jeopardized 
thereby. 

On  the  other  hand,  if  concrete 
block  are  manufactured  according  to 
recognized  standards  insisted  upon 
for  concrete  construction  in  other 
forms,  the  manufacturer  of  concrete 
block  will  have  little  cause  to  worry 
about  price  competition  with  the 
poorest  and  cheapest  classes  of  other 
building  materials.  Well  made  con- 
crete block  have  a  right  to  recogni- 
tion as  building  units  of  a  high  order. 
Concrete  block  may  be  successfully 
faced    with    granite,    marble,    mica, 
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feldspar  and  similar  materials  so  that 
their  appearance  will  rival  or  excel 
that  of  granite  itself.  There  was  a 
time  when  the  common  imitative  ap- 
pearance of  concrete  block  faces 
made  their  specification  in  buildings 
of  the  better  class  difficult  or  impos- 
sible to  secure.  Concrete  block  are 
no  longer  regarded  as  an  imitation 
of  any  other  building  material.  Pres- 
ent practice  tends  towards  the  pro- 
duction of  surfaces  distinctly  char- 
acteristic of  concrete.  Wherever  con- 
crete has  been  recognized  as  a  build- 
ing material  governed  by  laws  pecu- 
liar to  itself  and  possessing  merits 
peculiarly  its  own,  it  has  not  failed 
to  attain  a  foremost  place  in  building 
construction.  To  suggest  that  con- 
crete block  cannot  be  made  to  attain 
similar  superior  quality  and  like 
recognition  as  a  building  unit,  is  an 
admission  of  ignorance  of  present- 
day  progress.  Therefore,  concrete 
block  makers  should  recognize  the 
laws  of  concrete  if  they  are  to  profit 
from  the  merits  of  concrete.  Conse- 
quently concrete  block  should  be  made 
of  a  mixture  employing  properly  pro- 
portioned aggregates  of  various  sizes 
up  to  1/2  the  thinnest  section  of  the 
block  to  be  manufactured.  This  mix- 
ture should  contain  sufficient  water 
to  secure  thorough  hardening  and 
full  strength  of  the  cement.  The 
mass  should  be  well  compacted,  and 
the  block  thoroughly  cured.  When 
concrete  block  are  so  made,  their 
manufacturers  will  have  no  quarrel 
with  the  building  code  of  their  city, 
for  the  simple  reason  that  the  prod- 
uct will  exceed  in  compressive 
strength  any  test  that  has  been  speci- 
fied by  the  building  code  of  any 
American  city;  and  the  absorption  in 
a  properly  proportioned  concrete 
block  made  in  this  manner  will  be 
negligible. 

By  Mr.  Keller 

In  determining  the  compressive 
strength  of  concrete  building  block 
the  tendency  on  the  part  of  those 
who  frame  city  building  codes  has 
been  to  err  on  the  side  of  ultra-con- 
servatism. This  is  due  to  several 
causes,  among  which  the  following 
are  the  most  prominent: 

First,  lack  of  knowledge  on  the 
part  of  some  block-makers  as  to  the 
proper  method  of  making  block  of 
uniform  strength  at  any  standard. 
Second,  lack  of  proper  information 
on  what  constitutes  good  concrete 
building  units.  Third,  the  influence 
of  interests  which  might  lose  part 
of  their  markets  should  concrete 
units  be  placed  upon  an  equal  foot- 
ing with  their  own  products. 

Taking  up  the  first  reason  we  are 
forced  to  admit  that  it  is  based  upon 


good  grounds.  There  are  a  great 
many  engaged  in  making  concrete 
block  who  are  pushing  the  business 
as  a  "job"  and  who  imagine  that 
anything  that  holds  together  consti- 
tutes a  block. 

An  industry  in  the  course  of  devel- 
opment is  very  largely  judged  by  the 
poorest  product  rather  than  by  the 
best,  consequently  an  entire  industry 
is  made  to  suffer  for  the  shortcom- 
ings of  the  few,  and  no  matter  how 
well  or  how  scientifically  block  can 
be  and  are  made,  yet  it  is  to  protect 
the  consumer  that  the  standard  of 
safety  is  set  at  the  highest  possible 
point. 

Second,  those  responsible  for  the 
preparation  of  codes  are  generally 
governed  by  past  associations,  conse- 
quently the  average  American  archi- 
tect, especially  east  of  the  Mississip- 
pi and  north  of  the  Ohio  river,  hav- 
ing had  experience  in  stone,  brick 
and  iron,  permits  the  use  of  concrete 
but  grudgingly,  basing  his  opposition 
upon  the  assumption  that  the  use  of 
concrete  for  building  purposes  is  as 
yet  in  an  experimental  stage. 

Third,  the  influence  of  brick  and 
stone  interests  is  shown  in  the  atti- 
tude of  those  cited  in  the  previous 
paragraph. 

To  sum  up:  The  compressive 
strength  of  block  should  be  deter- 
mined by  the  use  to  which  they  are 
put.  Thus  a  compressive  strength 
of  700  lbs.  per  sq.  in.  of  net  area  is 
more  than  sufficient  for  single-family 
two-story  houses  of  frame  construc- 
tion when  such  block  are  used  for 
foundations.  For  two-family  houses 
of  frame  construction  800  lbs.  is  am- 
ple, while  for  two-story  buildings 
either  of  block  or  of  brick  a  12-in. 
block  with  a  compressive  strength  of 
1,200  lbs.  will  more  than  meet  all 
safety  requirements. 

The  requirement  of  5%  minimum 
absorption  for  concrete  building 
block  is  discrimination  pure  and 
simple  and  is  traceable  to  outside  in- 
fluence. 

It  goes  without  saying  that  the 
proper  system  to  follow  is  one  which 
requires  block  of  varying  strength 
for  different  kinds  of  construction. 
If  in  structural  steel  we  estimate  the 
carrying  load,  and  conform  beams  to 
it,  naturally  in  foundation  and  wall 
construction  with  concrete  block  the 
same  rule  should  be  followed.  It 
may  be  well  to  say,  however,  that 
until  the  manufacturers  have  become 
responsible  it  is  not  advisable  to  al- 
low such  latitude,  as  the  results 
might  be  such  as  to  forbid  entirely 
the  use  of  block.  When  the  concrete 
business  has  once  been  established  as 
an  industry  the  inconsistencies  in  our 
building  codes  will  disappear. 

[209] 


CONCRETE-CEMENT  AGE 


By  Mr.  Tschudy 

The  Use  of  Blast  Furnace  Slag-  as  J^d:::^^XZ^::^ 

^              A  ^^  ^^ .-1-^      '          /^                    J.  furnace    slag    makes    a    concrete    as 

an  Aggregate  in  Concrete         □         □  good  as  tiJ  made  of  broken  stone, 

.DisctssEO  Bv  S.  G.  RKvxoi.ns.'  W.  A.  Aikkn/  F.  Tschuhv'  and  Miles  T.  ""'  f  ^'^^'"^^  ^'""'''^'^  '''f  '""'^'"'^  \' 

'                                                      4  made  m  proper  proportions  properly 

placed,  and  does  not  have  to  stand 
direct  water  pressure.     In  the  use  of 

good,  clean,  blast  furnace  slag  for 
of  slag  can  always  be  obtained  from  concrete  work,  either  plain  or  rein- 
the  blast  furnace  producing  it  or  forced,  much  depends  upon  the 
through  the  distributors  of  slag.  We  proper  kind  of  slag,  the  correct  pro- 
quote  average  analysis  of  the  basic  portions  making  up  the  aggregate, 
slag  produced  in  the  Birmingham  ,.nd  more  so  than  that,  upon  the  cor- 
flistrict:  YccX  handling  in  placing  the  concrete. 
S'.lica    33.045  In  my  experience  I   have  worked 

Lime     46,341  ^^^l.                        1 

Iron  and  aluminum  15.645  blast   lurnace   slag   in   sizes   varying 

Sulphur^..'.......'.'.. 1  12^  from  material  passing  the  3-in.  ring, 

f  A\     -i-KT      cc      c         1                      i  down  to  the  granulated  slag  passing 

{4J     V\  e  oner  tor  sale  no  concrete  -, ,   .              °j.       n.i                   c 

1       1,    ,   .         ,     .          ,    T        ,  ^,  a  yo-m.  ring,  and  in  all  the  years  ot 

slag  that  IS  not  air-cooled  and  thor-  .    ®        -,         ^.i  •     t       t  i. 

, ,                    1   ■      .^1      1      1    1    /.  my  experience  along  this  line  1  have 

cughly  seasoned  in  the  bank  before  ^       f        . .    ,  .,     ®         ^  , , 

z-      ■            .^1       i              ,        1         -.TT  never  regretted  the  use  of  the  correct 

digging     with     steam     shovels.      We  ,         r        •.            ^-     ^               ^^     ^^ 

^^      T   .             •     t  ,1                r    1  slag    tor    its    particular    application, 

would  advise  against  the  use  of  slag  t..   •     j-  i.-     i./         j       i.     j  ^u  ^  i.\ 

r                   .        °                .1,1            *  it  is   distinctlv   understood  that  the 

tor   concrete   purposes  tliat   has   not  ,              j     i    n        .    i                        •. 

,                         i   e         ^   ,       ^    r^  slag  used  shall  not  have  a  porosity 

been   seasoned    tor   at   least   o   mos.  °.       .,         .,    .      ^  i    ..j.        i    .  i 

rpi       1           1  .  1            T     1        1          .  greater  than  that  ot    building  brick. 

Ihe  slag  which  we  dig  has  been  m  ^,     ,      ,             >.     •  i    i      u                i 

.,      ,      ,             ,          /.          ,          „     ^,  Ihe  broken  material  should,  as  much 

the  bank  anywhere  from  1  vr.  to  21  .,,                       .11 

as  possible,  represent   broken  stone. 

•^     ,'  .     „,                               ,              .  On  the  plant  here,  which  I  built  4 
(5)     Ihe     same     as    when    using  S                    o^  f\r>f\            j 
^  /  ,                 ^,                         .     n  vrs.  ago,  there  were  84,000  cu.  yds. 
crushed  stone.     Ihe  average  mix  for'/.  .       1       j         j       . 
„        ,   ..               ,               .    .°.             11  of  concrete  placed,  and  not  one  sin- 
toundation   work   or   retaining  walls  1              j     r  u     1          1.                         ^ 
.     ,   „  ^      T^           1              n                  r  ffle  pound  ot   bi'oken  stone  or  gravel 
is   1:3:0.     ror  columns,  floors,  roofs  j      n                   ..•           en     ». 
,,              ,      ,                     1.1  was  used.     Our  proportions  of  Port- 
er other  work  above  ground  a  richer  1      j                4.    4.           j-               1 

,            ^      ^^     .     .  land    cement   to    ordinary    slag    are 

mix  may  be  used.     For  the  last  men-  j  .g      j^  ^^j^^^  ^^^^^     ^^  ^^^^  ^^^^ 

tioned    purposes,    the    comparatively  t>     ^.^     j              >.  ■                     1.       4-- 

...           .,/>!        /               .          1  rortland  cement  in  our  construction 

i'f^lT^               ''^/^^PP7'''"^^^^^  solely    for    the    purpose    of    finshed 

2.000  lbs.  per  cu.  yd.)   makes  it  ex-  ,                 j   .      .1              ,1            1 -i 

„    '  T     .     ,  /     ^  work  exposed  to  the  weather,  while 

ceptionally  desirable.  unfinished  work  also  exposed  to  the 

By  Mr.  Aiken  weather    has    been    made    with    slag 

cement.     In  the  past  4  vrs.  we  had 

( 1 )  Results  as  given  in  my  paper  occasion  in  various  instances  to  break 
before  the  Am.  Soc.  for  Test.  Mat.,  j^to  concrete  made  of  blast  furnace 
June,  1914,  at  Atlantic  City,  N.  J.,  gj^g  4  yj.g  ^go,  and  in  several  cases 
show  that  a  good  quality  of  furnace  ^^  have  found  it  well-nigh  impossi- 
slag  compares,  in  my  opinion,  very  ble  to  penetrate  concrete  work  built 
favorably  with  the  ordinary  run  of  with  blast  furnace  slag  and  slag  ce- 
other  materials  used  as  aggregate  in  ment. 
concrete.  jn  all  of  my  experience  with  con- 

(2)  I  have  always  understood  that  crete  work  built  from  blast  furnace 
many  of  the  large  cities  of  the  Cen-  slag,  consisting  of  foundations  for 
tral  West  permit  the  use  of  the  all  kinds  of  buildings,  coke  ovens, 
proper  quality  of  crushed  slag  as  ag-  heating  furnaces,  rolling  mill  founda- 
gregate,  and  I  have  reason  to  believe  tions,  blast  furnace  foundations,  and 
that  it  is  about  to  be  introduced  in  the  like,  I  know  of  but  one  failure  in 
this  city  on  a  par  with  all  otlicr  ma-  the  concrete  work  and  this  was  due 
terials.  entirely  to  heat.     In  this  case,  a  mat 

(3)  It  is  absolutely  necessary  to  on  which  coke  ovens  were  placed  with 
have  chemical  analysis  to  determine  the  heating  surface  too  close  to  the 
the  quality  of  slag  to  be  used  as  ag-  concrete,  the  mat  parted,  showing 
gregate  in  important  concrete  work,  cracks  as  wide  as  3".  These  cracks 
as  the  character  of  this  material  were,  as  stated,  due  to  excessive  heat, 
varies  very  widely  and  not  every  slag  but  more  due  to  frictional  conditions 
is  good,  by  any  means.  brought   about  by  the   expansion   of 

(4)  Slag  to  be  afterward  crushed  tlie  brick  work  resting  on  this  con- 
up    as    aggregate    for    concrete    pur-  crete  mat. 

poses    should    be    bank    cured,    the  In  no   case  that  I   can   remember 

longer  the  better,  but  for  at  least  6  Imve  I  experienced  any  other  trouble 

mos.  to  1   yr.  with  blast  furnace  slag  concrete  than 

(.'5)     No  differently  from  other  ma-  that   of   penetration   of  water  under 

terial.  high  pressure  through  walls  built  of 
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1.  "Do  you  consider  tJiat  a  good, 
clean,  blast  furnace  slag  makes  a 
concrete  that  is  as  good  as,  or  better 
than  one  in  ivhich  broken  stone  or 
gravel  is  used? 

2.  "What  is  the  present  attitude  of 
the  building  codes  in  the  large  cities 
in  regard  to  the  use  of  crushed  slag 
as  an  aggregate  in  concrete  for  fire- 
proofing  structural  steel  and  in  rein- 
forced concrete  construction? 

3.  "Is  it  necessary  to  insist  upon 
chemical  analysis  being  made  at  a 
commercial  testing  laboratory  when 
7ising  crushed  slag  as  an  aggregate 
in  important  concrete  work? 

Jf..  "Should  cruslied  slag  be  aerated 
when  used  as  an  aggregate  in  con- 
crete?    If  so,  how  long? 

5.  "How  should  concrete  be  pro- 
portioned when  using  crushed  slag?" 


By  jNIr.  Reynolds 

( 1 )  Briefly  we  answer  in  the  af- 
firmative, basing  our  opinion  upon 
years  of  practical  experience  and 
careful  study  of  concrete  construc- 
tion in  which  slag,  stone  and  gravel 
have  been  used  respectively  as  coarse 
aggregate  and  also  upon  extensive 
field  and  laboratory  tests  which  we 
have  carried  on  in  connection  with 
our  business  of  mining,  crushing, 
screening  and  distributing  of  slag, 
not  alone  for  concrete,  but  also  for 
street  and  highway  construction, 
roofing  and  railroad  ballast.  We 
would  add  that,  so  far  as  we  are 
aware,  every  scientific  or  commercial 
test  ever  made  in  this  or  foreign 
countries  to  determine  tlie  compara- 
tive compressive  strength  of  slag  and 
other  concretes  has  resulted  in  favor 
of  slag  concrete. 

(2)  We  do  not  find  on  file  build- 
ing codes  for  1914,  but  we  believe 
those  of  the  cities  of  Chicago.  Cleve- 
land. Toledo.  Pittsburgli  and  proba- 
bly others  wc  cannot  at  ):)rcsent  re- 
call cither  mention  slag  as  permissi- 
ble or  use  the  words  "or  other  ac- 
ceptable material,"  with  a  view  to 
permitting  the  use  of  slag  when  avail- 
able. 

(3)  It  is  entirely  unnecessary,  for 
the  reason  that  the  chemical  analysis 


'Sec,  Birmingham  .Slag  Co.,  Birmingham, 
Ala. 
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blast  furnace  slag  and  slag  cement. 
On  the  other  hand,  I  know  of  hun- 
dreds of  jobs  subject  to  similar  con- 
ditions built  of  broken  stone  or  gravel 
and  Portland  cement,  which  would 
not  resist  penetration  of  water  under 
like  pressure.  In  fact,  in  construc- 
tion work,  wherever  I  can  obtain  blast 
furnace  slag,  I  prefer  it  to  the  use 
of  broken  stone  and  particularly  to 
the  use  of  gravel. 

(2)  Not  being  a  municipal  en- 
gineer nor  a  civil  engineer  of  note,  I 
do  not  care  to  know  about  the  atti- 
tude of  the  building  codes  in  large 
cities  in  regard  to  the  use  of  crushed 
slag.  I  am  not  an  engineer  whose 
position  is  subject  to  political  pull, 
or  to  catering  to  political  henchmen. 
I  base  my  constructions  on  experi- 
ence irrespective  of  any  code  made 
up  by  politicians. 

(3)  It  is  not  necessary  to  insist 
upon  chemical  analysis  of  crushed 
slag  used  for  concrete  work.  I  in- 
tentionally leave  out  the  "important." 
In  (1),  I  have  answered  the  point 
referred  to  by  "important"  as  I  feel 
that  any  construction  which  has  to 
serve  a  certain  commercial  purpose 
is  important  enough  to  consider  the 
material  used  for  its  construction. 
There  can  not  be  a  foundation  more 
important  than  that  of  a  big  build- 
ing, be  it  for  factory  or  municipal 
purposes  or  a  foundation  for  a  heavy 
armor-plate  mill  or  a  rolling  mill  and 
in  all  work  of  such  nature  I  have  let 
my  experience  be  my  guide  in  the  se- 
lection of  slag,  rather  than  the  chemi- 
cal analysis  of  a  chemist  who  may 
make  in  his  analysis  as  many  errors 
as  I  could  make  in  my  judgment 
based  on  experience,  or  even  more. 

(4)  This  question  is  ambiguous. 
To  my  knowledge  blast  furnace  slag 
is  disintegrated  by  aeration.  If  it  is 
crushed  thereafter,  it  has  been  aer- 
ated previously. 

(5)  With  the  tprm  "crushed"  in- 
cluded in  the  question,  an  answer  is 
rather  difficult  to  make.  The  proper 
proportions  of  concrete  aggregate, 
that  is,  the  relation  of  cement,  sand 
and  slag,  depend  entirely  and  solely 
on  the  kind  of  work  to  be  built,  its 
purpose,  the  weight  it  has  to  carry 
and  the  size  of  slag  which  is  used 
and  I  do  not  think  that  there  is  any 
difference  in  the  proportions  used 
with  an  aggregate  of  blast  furnace 
slag  from  that  used  with  broken 
stone,  providing  the  work  is  intended 
for  the  same  purposes,  subject  to  the 
same  condition  and  placed  with  the 
same  care. 

By  Mr.  Bitting 

(1)  The  comparative  strength 
tests  made  by  disinterested  persons 
for  different  cement  companies  prove 
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conclusively  that  it  from  8%  to  10% 
stronger  than  stone  concrete. 

(2)  Most  cities  allow  the  use  of 
blast  furnace  slag  for  concrete  work. 
The  City  of  Philadelphia  has  made 
very  successful  experiments  on  this 
material  and  does  not  hesitate  to  use 
slag  in  reinforced  concrete  construc- 
tion and  fireproofing  work. 

(3)  No.  Such  concerns  as  the 
Bethlehem  Steel  Co.,  South  Bethle- 
hem, Pa.,  Atlas  Portland  Cement 
Co.,  and  Vulcanite  Portland  Cement 
Co.,  which  are  equipped  with  the 
very  best  testing  laboratories,  do  not 
make  a  chemical  analysis  of  our  slag. 
They  buy  large  quantities  from  time 
to  time. 

(4)  Yes,  for  at  least  6  mos. 

(5)  This  depends  entirely  upon 
the  purpose  which  the  concrete  is  to 
serve.  If  it  is  for  a  wall,  say  not 
more  than  18"  thick,  a  mixture  of 
1  -.S-.Q  will  do.  If  for  heavy  machin- 
ery foundation  a  mixture  of  1 :2 :4 
will  be  more  satisfactory. 

Editorial  Discussion 

A  booklet  first  issued  in  IQH  by 
the  Carnegie  Steel  Co.,  Pittsburgh, 
presents  the  results  of  a  series  of 
tests  of  blast  furnace  slag,  in  various 
forms,  for  use  as  an  aggregate  in 
making  concrete.  Conclusions  of  the 
tests  in  which  mixture  containing 
river  sands  and  gravels  were  regard- 
ed as  standard  so  that  in  general 
bank  slags  tested  higher  than  either 
gravel  or  limestone  and  all  slag  ag- 
gregates compared  favorably  with 
the  gravel  standard. 

The  notice  that  prompted  this  in- 
vestigation, which  was  begun  in  July, 
1908,  was  the  knowledge  that  almost 
any  hard  substance  that  has  strength 
and  will  not  readily  disintegrate, 
would  make  a  good  aggregate  in  con- 
crete. The  list  of  materials  ordinar- 
ily used  for  this  purpose  is  large, 
ranging  from  broken  granite  and 
other  rocks  to  broken  brick  and  ashes. 

A  careful  study  of  "Furnace  Slags 
in  Concrete,"  mention  of  which  has 
been  made  above,  will  show  that  the 
aggregate  performs  a  very  important 
function  and  that  the  strength  of  the 
concrete  depends  very  largely  on  the 
shape,  character  and  strength  of  the 
aggregate. 


It  is  a  mistake  to  leave  the  water- 
proofing work  entirely  to  the  con- 
tractor by  not  specifying  the  exact 
materials  and  the  methods  to  be  em- 
ployed, as  is  quite  often  done.  The 
specifications  must  be  clear  in  the 
matter  of  indicating  what  is  absolute- 
ly required,  without  any  alternative, 
and  what  is  named  as  indicating  in 
general  the  character  of  the  product, 
and  in  which  alternative  materials, 
methods  or  results,  will  be  allowed. 


Use    of    "Pudding- 
Stones"  □  n 

Discussed  By  Wm.  M.  Kinney 

"To  what  extent  may  so-called 
"pudding  stones,"  that  is,  stones 
larger  than  the  regulation  S-J^-in.  to 
2-in.  size,  be  used  in  mass  concrete?" 

liY  Mr.  Kinney 

Sabin  in  Cement  and  Concrete 
says:  "Stones  thus  embedded  should 
be  perfectly  sound  and  should  not 
lie  nearer  one  to  another  than  6  ins." 
Taylor  and  Thompson  in  A  Treatise 
on  Concrete  say:  "  The  distance  be- 
tween the  stones  varies  in  different 
specifications  from  3"  to  18''.  *  *  * 
The  quantity  of  rubble  is  usually  ex- 
pressed as  a  percentage  of  the  total 
mass  of  the  finished  concrete.  The 
percentage  may  vary  from  9,0%  to 
64:%."  The  proportion  is  governed 
by  the  size  of  stones,  the  consistency 
of  the  mixture  and  the  size  and  the 
nature  of  the  work. 

There  is  a  general  rule  of  concrete 
construction  that  limits  the  size  of 
coarse  aggregate  to  particles  that  do 
not  exceed  in  greatest  dimension  one- 
half  the  thickness  of  the  wall  or  other 
member  of  the  construction  in  which 
they  are  employed. 

After  conforming  to  this  limitation 
the  "pudding  stones"  must  be  prop- 
erly proportioned  with  sufficient 
graded  materials  of  smaller  sizes 
thoroughly  to  fill  and  slightly  to  ex- 
ceed the  voids  existing  between  the 
"pudding  stones"  themselves. 

One  other  question  arises  in  con- 
nection with  the  use  of  "pudding 
stones"  or  "nigger  heads"  in  con- 
crete, and  that  is  the  compressive 
strength  of  the  stones  themselves.  As 
is  well  known,  the  strength  of  con- 
crete cannot  exceed  the  strength  of 
the  aggregates  used. 

Therefore,  "pudding  stones"  may 
be  employed  as  aggregate  upon  the 
same  basis  as  any  other  aggregates, 
and  the  strength  of  the  concrete  will 
not  be  impaired  unless  the  "pudding 
stones"  themselves  are  lacking  in 
strength. 


Proportioning  by  sieve  analysis  is 
the  most  exact  and  effective  method 
of  studying  the  character  of  the  ag- 
gregate and  for  calculating  the  efl'ect 
of  various  mixtures.  In  this  method 
the  available  materials,  excluding  the 
cement,  are  separated  into  various 
sizes  by  means  of  a  series  of  screens. 


^Engr.  in  Chg..  Inf.  Bur.,  Universal  Portland 
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Heating  Concrete  Aggregates 

Discussed  By  Wm.  M.  Kinney/  Leonard  C.  Wason,'  Julius  Ruoff/  R.  L. 

RiCKMAN*   AND   H.    B.    KrIEr' 


"What  is  the  highest  temperature 
to  which  concrete  materials  can  he 
heated  without  inJ2iring  the  concrete? 
Most  specifications  stipulate  that  the 
materials  should  be  a  little  warmer 
than  would  he  comfortahle  to  hold 
the  material  in  the  hand,  for  too 
much  heat  would  cause  the  cement  to 
set   too   quickly." 


By  Mr.  Kinney 

Too  high  a  temperature  will  cause 
many  sands  to  turn  red,  while  cer- 
tain varieties  of  stone  and  gravel  if 
over-heated  are  likely  to  soften  or 
crack.  A  temperature  not  exceeding 
150^  F.  will  generally  prove  most 
satisfactory.  It  should  be  remem- 
bered, however,  that  one  of  the  ob- 
jects in  heating  aggregates  is  to  in- 
sure that  the  concrete  when  deposited 
will  have  a  temperature  of  approxi- 
mately 100°  F.,  which  will  assist  in 
the  development  of  internal  heat  and 
promote  early  hardening,  provided 
adequate  protection  is  aff'orded  for 
such  length  of  time  as  is  necessary  to 
accomplish  this  object.  Heating  by 
steam  has  an  advantage  over  heating 
by  the  use  of  the  ordinary  types  of 
sand  heaters.  When  these  are  used 
there  is  a  possibility  of  damaging 
some  of  the  material  next  to  the 
lieater  from  the  extreme  heat  often 
necessary  to  thaw  out  sand  or  gravel 
at  the  top  of  a  pile,  unless  it  is  occa- 
sionally turned  to  insure  uniform 
heating. 

Sand  and  stone  may  safely  be 
heated  by  piling  them  directly  on 
pipe  coils  supplied  with  steam,  or  by 
covering  with  tarpaulins  and  apply- 
ing steam  directly  to  the  materials. 
Short  pieces  of  iron  pipe  connected 
witli  the  boiler  by  lengths  of  hose 
are  often  stuck  into  piles  of  aggre- 
gates and  steam  allowed  to  escape 
through  the  materials.  With  a  good 
steam  pressure  this  system  is  quite 
effective  and  has  the  advantage  of 
avoiding  rehandling  of  materials, 
which  is  often  necessary  wlirn  using 
oth(  r  methods. 

By  Mr.  Wason 

I  am  afraid  that  I  cannot  answer 
your  question  as  to  the  highest  tem- 
perature, as  we  have  never  used  ther- 
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mometers  on  our  work.  As  it  is  not 
usual  for  us  to  heat  all  the  aggre- 
gates, I  cannot  say  what  the  average 
would  be.  Where  the  work  is  of 
considerable  size  and  it  is  possible, 
we  usually  put  steam  coils  on  the 
ground,  connected  with  the  boiler, 
and  pile  the  sand  and  sometimes 
stone  on  these.  Then  a  steam  pipe 
with  flexible  connection  is  frequent- 
ly used  to  heat  the  upper  surface 
locally.  Sometimes  aggregate  is 
used  so  hot  that  it  would  burn  the 
hand,  probably  nearly  as  hot  as  the 
steam  itself.  It  is  usual  to  heat  the 
sand  in  this  way,  because  it  is  the 
most  likely  to  lump  up  and  is  the 
easiest  to  heat.  Stone  is  kept  cover- 
ed with  canvas  to  prevent  its  being 
filled  with  ice  and  snow,  and  as  a 
rule  it  is  not  so  much  heated.  The 
sand  is  relied  upon  to  remove  all 
frost  from  the  surface  of  the  stone 
and  to  warm  up  the  water  and  the  ce- 
ment. It  is  common  to  see  a  batch 
of  concrete  being  transported  into 
place  which  is  steaming,  and  a  batch 
sometimes  feels  warm  to  the  hand, 
which  means  that  it  is  at  least  100" 
F.,  but  just  what  the  temperature  is 
"we  have  never  attempted  to  deter- 
mine. We  have  never  had  any 
trouble  from  cement  flashing,  due  to 
the  heat  of  the  aggregate,  and  think 
that  it  cools  quickly  after  being 
placed,  although  we  take  precautions 
so  that  it  does  not  cool  below  the 
freezing  point. 

By  Mr.  Ruoff 

In  my  experience  in  concrete  work, 
the  forcing  of  setting  concrete  too 
much  by  heat  will  take  a  great  part 
of  the  strength  from  the  concrete. 
The  best  result  in  strength  of  con- 
crete will  be  given  by  a  concrete  with 
normal  setting  condition,  which  has 
been  kept  wet  or  damp  for  several 
days.  The  quick  absorption  of  water 
from  concrete  in  the  beginning  of 
setting  by  heat  will  make  this  con- 
crete weak.  It  will  be  advisable  to 
heat  the  stone  and  sand  in  freezing 
weather,  and  to  use  warm  water  for 
mixing  the  frozen  material  and  pro- 
tect the  concrete  with  salt,  hay  or 
straw,  if  possible,  for  a  few  days. 

By  Mr.  Rickman 

In  my  opinion,  the  conditions  sur- 
rounding each  job  should  govern  the 
method  used.  In  some  cases  it  might 
be  more  convenient  to  heat  the  aggre- 
gates, in  others,  the  water.  If  the 
aggregates  are  to  be  heated,  I  would 


prefer  that  it  be  done  by  injecting 
live  steam  into  the  aggregates  by 
means  of  a  perforated  pipe.  This,  I 
think,  insures  a  more  nearly  uniform 
temperature  than  do  salamanders  or 
other  methods  of  dry  heating.  Be- 
sides, in  dry  heating,  some  of  the 
aggregates  which  come  in  contact 
with  the  heating  surface  of  the  heat- 
ing apparatus  become  excessively  hot 
and  dry,  and  in  case  of  very  coarse 
aggregates  being  used,  the  coarser 
particles  might  retain  a  temperature 
different  from  that  of  the  smaller. 
They  would  also  lose  a  large  part  of 
the  natural  moisture  which  they  may 
have  contained,  and  this  excessive 
dryness,  together  with  the  heat, 
Avould  tend  to  prevent  perfect  hydra- 
tion of  the  cement,  thus  creating  a 
poor  bond. 

If  occasion  should  arise  that  re- 
quired me  to  place  concrete  in  freez- 
ing weather,  I  should  heat  the  aggre- 
gates by  steam  injection  and  use  as 
little  water  as  possible  to  make  a 
slightly  quaking  mass  when  ram- 
med. I  would  also  mix  each  batch  at 
least  25%  longer  and  when 'placed 
would  do  more  ramming  than  if  a 
wetter  mix  were  being  used.  I  have 
never  seen  concrete  damaged  by 
freezing  except  where  an  excess  of 
water  was  used  and  insufficient  ram- 
ming done.  I  believe  that  it  possible 
to  use  too  much  water  as  well  as  too 
little,  and  contractors  are  given  to 
using  an  excess  of  water,  more  on  ac- 
count of  the  reduction  of  labor  inci- 
dent to  ramming  than  for  any  other 
reason. 

Therefore,  I  would  say :  Heat  your 
aggregate  by  steam  injection,  be 
careful  as  to  the  amount  of  water 
used,  mix  each  batch  at  least  25% 
longer  than  usual  and  when  placed, 
ram  thoroughly,  and  I  think  that  Na- 
ture will  take  care  of  the  results 
satisfactorily. 

By  Mr.   Krier 

I  always  let  atmospheric  condi- 
tions control  the  heating  of  the  ag- 
gregate. 

I  like  to  get  the  water  around  the 
hundred  mark,  and  if  the  sand  is  dry 
and  not  frozen,  I  do  not  heat  it  un- 
less it  is  exceeding  cold,  say  below 
20°  F.  I  like  to  get  the  stone  some- 
where around  l.SO°  to  150°.  I  find 
that  if  all  the  materials  are  heated 
too  hot  the  cement  sets  too  fast, 
thereby  reducing  the  strength  of  the 
concrete. 

In  one  of  the  experiments  I  tried 
last  winter,  I  heated  the  water  to 
100°,  sand  50°,  stone  130°.  Mixed 
sand  and  cement  dry,  then  added 
stone  and  water,  filled  a  small  mold 
1'  X  2'  X  10",  covered  it  with  a  piece 
of  heavy  canvas,  set  it  out  in  a  cold 
jilncc  and  left  it  there  all  night  and 
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the  next  day.  I  found  that  it  had 
become  hard  on  top  and  had  not 
frozen.  I  then  left  it  there  two 
weeks  (the  last  week  it  was  covered 
with  snow).  I  found  that  it  had  set 
better  than  what  I  had  in  a  box  cor- 
responding to  this  one  kept  in  a  place 
where  the  temperature  had  been 
around  70°.  In  this  second  box  the 
materials  were  not  heated. 

I  then  tried  an  experiment,  heat- 
ing all  material  to  150°.  I  found  at 
the  end  of  two  weeks  that  the  con- 
crete was  very  flaky,  also  the  block 
was  full  of  surface  cracks. 

During  these  experiments  we  had 
some  of  the  coldest  weather  of  the 
season;  the  first  night  the  tempera- 
ture got  to  the  zero  mark,  which  is 
cold  for  Philadelphia. 


CoxcRETE  Mail  Box  Post  Near  Dallas, 
Tex. 

Concrete  Posts  for  Mail 
Boxes 

The  accompanying  illustration 
shows  a  nov^el  but  thoroughly  practi- 
cal use  of  concrete.  It  is  a  post  sup- 
porting a  mail  box  on  a  rural  free 
delivery  route  near  Dallas,  Tex. 
Wooden  posts  are  always  subject  to 
rapid  decay  at  the  ground  level, 
where  alternate  wetting  and  drying 
take  place,  and  to  avoid  tlie  neces- 
city  of  renewals  and  repairs  the  con- 
crete post  was  made.  It  is  quite  or- 
namental in  design,  and  at  once  con- 
veys the  impression  that  the  owner 
takes  pride  in  the  appearance  of  his 
premises. 

Concrete  posts  do  not  Avarp,  decay 
or  burn.  When  used  for  fencing 
they  keep  in  better  alignment  than 
wooden  posts. 
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Correspondence  :   a  Department 

in  Which  the  Reader  Becomes  the   Writer         □ 

This  is  your  department.  It  is  inforwid.  Use  it.  This  is  the 
place  for  letters  which  have  either  inspiration  or  information  for 
the  ^' other  fellow.''^  It  is  well  to  remember  that  you  are  usually 
in  his  position.  If  you  are  to  get  the  good  out  of  these  columns, 
why  7iot  help  to  make  them  good  ?  If^rite  about  your  work; 
Help  the  Other  ''other fellow/'  □ 


n 


n 


Concreting'  in    Cold 
Weather  u  u 

A  Letter  From  H.  O.  McMillan' 

For  tile  and  joist  floor  construc- 
tion we  build  what  is  known  as  open 
forms,  enclose  the  framework  of  the 
building  with  tarpaulins  and  heat 
with  salamanders.  As  soon  as  the 
concrete  is  poured  and  has  sufficiently 
set,  we  place  hay  on  the  floor  to  pro- 
tect it  from  frost.  The  hot  air  passes 
through  the  openings  in  the  tile  to 
the  concrete  j  oist  and  slab  above.  We 
have  had  good  success  in  pouring 
concrete  when  the  thermometer  has 
registered  as  cold  as  10°  F. 

In  solid  slab  work  if  the  weather 
is  too  severe,  we  leave  several  open- 
ings in  the  form,  allowing  heat  from 
salamanders  to  escape  up  through 
the  slab.  We  cover  the  top  of  the 
slab  with  tarpaulin,  raised  4"  or  Q" 
from  the  upper  side.  In  this  manner 
we  protect  the  concrete  from  all 
danger  from  frost  on  the  outside. 

In  addition  to  the  above,  and  this 
is  a  matter  of  great  importance,  we 
heat  our  water  and  our  sand.  We  heat 
our  water  by  running  exhaust  steam 
from  the  mixer  into  a  barrel  of  water, 
or  set  up  a  special  boiler  and  run  the 
live  steam  into  the  barrel.  We  heat 
the  sand  by  a  battery  of  two  or  more 
pipes,  into  which  we  run  live  steam, 
as  shown  in  the  accompanying  illus- 
tration. The  sand  is  dumped  over 
these  pipes  and  soon  becomes  heated 
to  a  high  degree.  We  also  heat  the 
forms,  iron  and  tile  several  hours 
before  pouring  the  concrete.  This 
takes  the  frost  out  of  the  iron  and 
tile,  and  facilitates  in  keeping  the 
aggregate  mass  from  chilling.  We 
also  wet  the  forms,  reinforcement 
and  tile  with  hot  water,  just  before 
pouring  the  concrete. 

Following  the  above  instructions 
one  will  have  no  more  difficulty  in 
pouring  concrete  in  cold  weather 
than  lie  will  when  ideal  conditions 
exist. 


Flat  Slabs  in  1900     □ 

A  Letter  From  B.  W.  Adams* 

In  your  issue  for  June,  IQl*,  I 
note  an  article  by  Wm.  M.  Bailey, 
entitled,  "Flat  Slab  Floors  in  1900," 
p.  290.  Having  had  occasion  to 
look  into  the  early  history  of  this 
class  of  construction,  I  found  that 
the  Bridgewater  Reservoir  referred' 
to  by  Mr.  Bailey  has  reinforcement 
as  illustrated  in  the  enclosed  sketch. 
The  working  plans  for  this  reservoir 
show  strips  of  metal  from  column  to 
column  as  two-way  beam  construc- 
tion, these  strips  being  marked  "lin- 
tels" or  "beams,"  with  a  set  of  sheets 
in  the  bottom  of  the  slab  throughout. 
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SicETCii  Showing  Arraxgemext  of 
Ste.\m  Pipes  for  Heatixg  Saxd 


^Supt.     of    Constr.,     Frank 
Contr.,   Minneapolis 


G.     McMillan, 


'Minneapolis 
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It  would  appear  to  the  ordinary  en- 
gineer that  this  is  a  beam  construc- 
tion with  beams  buried  in  a  slab  of 
uniform  thickness.  The  position  and 
the  spread  of  tlie  sheets  as  shown  on 
the  drawings  would  not  produce  the 
circumferential  cantilever  action 
which  predominates  in  the  commer- 
cially successful  flat  slab  of  today. 

About  the  same  time  that  this  was 
put  up,  another  reservoir  was  built 
at  Elizabethport,  originall}'^  with 
several  columns  to  carry  the  dead 
weight  of  the  roof.  Within  six  mos. 
ofter  its  completion,  about  30  col- 
umns were  found  necessary  to  hold 
the  slab  up.  Also  in  a  warehouse  of 
similar  design  in  the  Bridgewater 
Reservoir,  columns  l6'  o.  c.  were  sur- 
mounted by  an  11-in.  slab.  The 
working  load  provided  for  was  to  be 
400  lbs.  per  ft.  or  52  tons  per  panel. 
A  panel  collapsed  under  25  tons  and 
the  floor  is  now  supported  by  alter- 
nate brick  piers  and  concrete  posts, 
having  a  spacing  of  8'  instead  of  l6' 
o.  c. 

Evidently     there     was     something 


wanting  in  the  performance  of  early 
concrete  floors,  flat  in  form,  and  the 
commercially  successful  flat  slab  con- 
struction which  could  with  commer- 
cial economy  carry  loads  for  long 
spans  is  a  construction  originated  at 
a  later  date. 

I  have  also  noted  an  alleged  flat 
slab  construction  which  Mr.  Mensch 
claims,  in  Proceedings  Natl.  Assn. 
Cement  Users  (Am.  Concrete  Inst.), 
to  have  used  in  the  Proctor  &  Gam- 
ble building  at  Armourdale,  Kans. 
On  investigating  this,  it  developed 
that  the  building  had  no  concrete 
floors  but  did  have  concrete  founda- 
tions some  feet  in  thickness  on  which 
columns  were  supported  about  10'  o. 
c.  This  would  hardly  fulfill  the 
modern  idea  of  what  is  understood 
by  a  flat  slab  floor  although  Mr. 
Mensch  would  absorb  the  credit  for 
its  introduction  by  building  a  footing 
and  failing  to  construct  the  upper 
portion  of  the  building  of  concrete, 
using  timber,  which  was  probably 
more  expensive  than  modern  flat  slab 
in  the  real  floors  of  the  building. 
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Sketch  vSirowivo  nr.siox  or    v  Reservoiii  por  the  State  Farm  at  Beidoewateh,  Mass. 


Possibilities  of  the  80-lb. 
Package  for  Cement     □ 

A   Letter   from  Morris  Metcalf' 
IN  Reply  to  an  Editorial  Inquiry 

By  Mr.  Metcalf 

While  I  still  believe  that  the 
smaller  package  would  be  a  good 
thing  for  all  concerned,  our  experi- 
ments to  date  have  not  been  entirely 
satisfactory. 

So  far  as  actual  breakage  in  tran- 
sit is  concerned  the  smaller  paper 
bags  showed  only  a  slight  improve- 
ment over  the  present  standard,  and, 
in  fact,  the  conclusions  to  be  drawn 
sup23ort  a  theory  we  have  had  for 
some  time  that  a  large  part  of  the 
breakage  of  paper  shipments  is 
caused  by  rough  handling  in  transit, 
and  would  happen  to  the  small  pack- 
age as  quickly  as  to  the  large.  In 
other  words,  it  is  not  dependent  upon 
the  size  or  the  weight  of  the  package, 
but  rather  upon  chance,  the  con- 
tributing factors  being  the  condition 
of  the  railroad  equipment,  rough 
switching  and  handling,  method  of 
loading,  etc. 

In  conducting  these  experiments 
on  the  80-lb.  package  we  unfortun- 
ately encountered  an  obstacle  that 
had  considerable  influence  in  per- 
suading us  to  discontinue  them.  The 
eagerness  with  which  certain  dealers 
accepted  the  80-lb.  package,  and 
their  desire  for  more,  led  to  the  con- 
clusion that  these  fifth-bbl.  packages 
were  sold  to  the  consumer  as  the 
standard  quarter-bbl.  package,  and 
if  used  by  him  as  such  would,  of 
course,  result  to  the  detriment  of  the 
concrete. 

While  these  bags  had  the  weight 
plainly  printed  thereon,  it  is  proba- 
ble that  many  customers  do  not  know 
what  a  bag  of  cement  ought  to  weigh, 
and  unless  it  was  explained  to  them 
they  would  almost  be  justified  in  as- 
suming that  they  were  getting  the 
standard  package.  At  any  rate  we 
are  not  making  any  further  ship- 
ments in  the  small  bags,  and  it  was 
our  thought  that  unless  these  first  ex- 
j)eriments  plainly  proved  the  hypo- 
theses upon  which  the  argument  for 
t])e  small  package  was  based,  we 
would  not  carry  them  further  because 
there  can  be  no  question  about  the 
extreme  difficulties  that  would  be  en- 
countered in  finally  eff^ecting  the 
change  in  standard. 


'Formerly  Asst.  to  I'rcs.,  Universal  Portland 
Cement   Co.,   Chicago 
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Organizations      ° 


American  Concrete  Institute,  Charles 
L.  Fish,  Secretary,  Harrison  Building, 
Philadelphia,  Pa. 

American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  538  S.  Clark 
St.,   Chicago. 

American  Highway  Association,  I.  S. 
Pennybacker,  Jr.,  Executive  Secretary; 
Charles  P.  Light,  Business  Manager;  Col- 
orado  Bldg.,  Washington,   D.   C. 

American  Road  Builders'  Association, 
Secretary,  E.  L.  Powers,  150  Nassau  St., 

N.  Y.  a 

Association  of  American  Portland  Ce- 
ment Manufacturers,  Percy  H.  Wilson, 
Secretary,  Bellevue  Court  Building, 
Philadelphia,  Pa. 

Cement  Products  Exhibition  Co.,  208 
S.  LaSalle  St.,  Chicago,  111.;  J.  P.  Beck, 
General  Manager. 

Iowa  Association  of  Cement  Users,  Sec- 
retary, H.  H.  Dean,  Glenwood,  la. 

National  Conference  on  Concrete  Road 
Building,  J.  P.  Beck,  Sec,  208  S.  LaSalle 
St.,  Chicago. 

Mid  West  Cement  Users'  Association, 
Secy.-Treas.,  Frank  Whipperman,  Omaha, 
Neb. 


Two  Buildings  for  1916  Chi- 
cago Cement  Show 

Because  of  the  remarkable  increase 
in  the  demand  for  space  at  the  last 
two  Cement  Shows,  the  Cement 
Products  Exhibition  Co.  has  found 
it  necessary  to  secure  the  First  In- 
fantry Armory  in  addition  to  the 
Coliseum  and  the  Annex  for  the  1916 
Show.  It  was  evident  when  all  of 
the  space  in  both  the  Coliseum  and 
the  Annex  was  assigned  at  the  draw- 
ing Feb.  12,  1915,  that  something 
must  be  done  in  order  to  accommo- 
date all  the  manufacturers  who  wish 
to  exhibit.  To  the  100  exhibitors 
who  applied  for  space  in  time  to  par- 
ticipate in  the  drawing  all  of  the 
space  available  in  the  Coliseum  and 
the  Annex  was  assigned.  This  meant 
that  40  manufacturers  who  exhibited 
at  the  eighth  Show,  as  well  as  the  70 
other  applicants  who  could  not  be 
accommodated  with  space,  would  have 
been  unable  to  exhibit  had  not  more 
space  been  provided,  and  this  fact 
led  to  the  rental  of  the  First  Infan- 
try Armory,  which  offers  68  addi- 
tional spaces — almost  enough  to  ac- 
commodate all  of  the  applicants  for 
space  at  the  eighth  Show. 

The   rental   of  the   Armory,   how- 
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ever,  necessitated  a  change  in  the 
dates  set  for  the  ninth  Sliow.  Un- 
der the  new  arrangement,  following 
the  practice  of  the  automobile  Show, 
the  ninth  Cement  Show  will  open  at 
2  p.  m.,  Saturday,  Feb.  12,  1916, 
and  will  close  at  1 1  p.  m.  Saturday, 
Feb.  19.  It  is  believed  that  provid- 
ing two  Saturday  afternoons  will 
enable  the  Chicago  architects,  en- 
gineers, contractors  and  builders  to 
attend  the  Show  without  serious  in- 
terference with  their  regular  busi- 
ness. Ample  time  has  been  provided 
for  the  installation  and  the  removal 
of  exhibits,  both  at  the  Coliseum  and 
at  the  Armory. 


Pan-American     Road     Con- 
gress 

A  Pan-American  Road  Congress 
will  be  held  at  the  Panama-Pacific 
I/iternational  Exposition  under  the 
joint  auspices  of  the  American  Road- 
builders'  Assn.  and  of  the  American 
Highway  Assn. 

The  tentative  date  selected  is  that 
of  the  week  of  Sept.  6  next.  The  plans 
for  the  Congress  will  be  handled  by 
an  Executive  committee  of  five.  This 
committee  is  made  up  of  Gov.  Charles 
W.  Gates,  of  Vt.,  Chairman;  W.  W. 
Crosby,  former  State  Highway  En- 
gineer of  Md.,  and  E.  L.  Powers, 
Editor  of  Good  Roads,  representing 
the  American  Road  Builders'  Assn., 
and  James  H.  MacDonald,  former 
State  Highway  Commissioner  of 
Conn.,  and  J.  E.  Pennybacker,  Chief, 
Division  of  Economics,  U.  S.  Office 
of  Pub.  Roads,  representing  the 
American  Highway  Assn.  At  the 
meeting  held  in  Montpelier,  Vt., 
Mar.  18,  Gov.  Gates  was  elected  the 
fifth  member,  and  Chairman  of  the 
committee.  In  order  to  facilitate  its 
work,  the  committee  has  apportioned 
special  work  among  four  sub-com- 
mittees as  follows:  Finance,  Jas.  H. 
MacDonald;  Program,  W.  W.  Cros- 
by; Publicity,  E.  L.  Powers,  and  Ar- 
rangements, J.  E.  Pennybacker. 
These  sub-committees  will  start  upon 
their  work  at  once. 

It  is  expected  that  this  meeting 
will  bring  together  not  only  official 
representatives  from  every  state  in 
the  Union,  but  also  from  the  Cana- 
dian provinces  and  many  of  the 
South  American  countries.  Official 
invitations  will  soon  be  issued  to  the 
governors  of  the  several  states  to  ap- 
point delegates. 

The  members  of  the  committee 
have  been  working  since  the  last  of 
1914  in  making  preparations  for  this 
meeting,  and  great  interest  has  been 
shown  in  the  work  by  those  identified 
with  highway  improvement.  The  co- 
operation of  other  Good  Roads  organ- 


izations, the  railroads  and  other.<5  is 
promised,  witli  the  result  that  it  is 
expected  that  the  meeting  will  mark 
a  mile-stone  in  the  propaganda  for 
Good  Roads. 

The  organizations  under  the  aus- 
pices of  which  the  joint  Congress 
will  be  held  are  known  as  the  two 
leading  Good  Roads  associations  of 
the  U.  S.  Both  associations,  for  the 
last  few  years,  have  held  successful 
Congresses  independently,  but  this 
year  it  was  felt,  in  view  of  the  Pana- 
ma-Pacific Exposition,  that  it  would 
best  serve  the  interests  of  all  Good 
Roads  advocates  concerned  to  hold  a 
joint  Congress  during  the  Exposi- 
tion. The  selection  of  Gov.  Gates  as 
the  fifth  member  is  felt  to  be  pecu- 
liarly fortunate,  not  only  on  account 
of  his  high  official  position  as  the 
chief  executive  of  the  state  of  Vt., 
and  his  ability  and  fairness,  but  be- 
cause of  the  fact  that  he,  for  10 
years,  or  more,  was  the  State  High- 
way Commissioner  of  Vt.,  and  it  was 
due  to  his  record  in  this  office  that  he 
was  elected  governor  by  one  of  the 
largest  majorities  ever  given  a  gov- 
ernor in  that  state.  This  election  to 
the  governorship  is  one  of  the  highest 
tributes  ever  paid  to  a  road  builder, 
and  so  far  as  known,  is  the  first  in- 
stance on  record  of  such  recogni- 
tion. The  executive  officers  of  the 
American  Road  Builders'  Assn.  are 
as  follows:  Pres.,  George  W.  Till- 
son.  Cons.  Engr.  to  the  Pres.  of  the 
Borough  of  Brooklyn,  N.  Y.  C. ; 
First  Vice-Pres.,  A.  W.  Dean,  Chf. 
Engr.,  Mass.  Highway  Comm.^  Sec- 
ond Vice-Pres.,  Austin  B.  Fletcher, 
State  Highway  Engr.  of  Cal. ;  Third 
Vice-Pres.,  S.  Percy  Hooker,  State 
Supt.  of  Highways  of  N.  H. ;  Secy., 
E.  L.  Powers,  Editor  Good  Roads; 
Treas.,  W.  W.  Crosby.  Former  State 
Highway  Engr.  of  Md. 

The  executive  officers  of  the 
American  Highway  Assn.  are  as  fol- 
lows: Pres.,  Fairfax  Harrison,  Pres. 
Southern  Railway  Co.;  Vice-Pres., 
Logan  Waller  Page,  Director,  U.  S. 
Office  of  Pub.  Roads ;  Chairman, 
Board  of  Directors.  James  S.  Har- 
lan, Chairman,  Interstate  Commerce 
Comm. ;  Chairman,  Executive  Com- 
mittee, Leonard  Tufts ;  Treas.,  John 
Burke,  Treas.  of  the  L^.  S. 


A  New  Engineering  3Iedal 

Leonard  C.  Wason,  president  of 
the  Aberthaw  Construction  Co.,  Bos- 
ton, and  president  of  the  Am.  Con- 
crete Inst.,  who  offered  a  new  prize 
to  be  awarded  annually  by  the  Insti- 
tute to  the  author  of  the  best  paper 
submitted  to  the  Institute  within  the 
year,  restricts  the  competition  to 
members,    and    the    papers    must   be 
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original  in  every  respect  and  not  pre- 
viously published  elsewhere.  All  pa- 
pers su/bmitted  to  the  Institute  for 
publication  in  the  annual  volume  are 
eligible  to  this  competition,  but  the 
Board  has  the  privilege  of  withhold- 
ing the  medal  in  any  year  in  which 
no  papers  of  sufficient  merit  to  war- 
pant  its  award  are  presented. 


JVew  Books 
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Mid-West     Convention 
Show  Successes 


and 


The  convention  and  show  of  the 
Mid-West  Cement  Users'  Assn.  were 
successes,  with  good  attendance;  and 
the  convention  was  unusual  in  view 
of  the  fact  that  every  scheduled 
speaker,  as  announced  in  the  pro- 
gram published  last  month,  was  on 
hand  and  made  his  address. 

The  officers  elected  for  the  coming 
year  are  as  follows:  G.  F.  Lillie, 
Fremont,  Nebr.,  president;  Frank 
Whipperman,  Omaha,  Nebr.,  secre- 
tary and  treasurer;  C.  J.  Tracy, 
Loup  City,  Nebr.,  vice-president. 
Directors  to  serve  three  years:  H.  R. 
Park,  Bruning,  Nebr. ;  W.  B.  Farris, 
Albion,  Nebr.;  Geo.  P.  Dieckmann, 
Mason  City,  la.  Directors  to  serve 
two  years:  John  L.  Zeidler,  St. 
Joseph,  Mo. ;  Frank  Leeder,  Sioux 
City,  la. ;  A.  P.  Young,  Nebraska 
City,  Nebr.  Directors  for  one  year: 
N.  J.  Peterson,  Omaha,  Nebr.;  Wm. 
Acheson,  Superior,  Nebr.;  Isaac 
Hird,  Manilla,  la. 

The  constitution  was  changed  so 
as  to  increase  the  number  of  the 
board  of  directors  from  six  to  nine 
so  as  to  give  a  better  representation 
for  the  members  from  other  parts  of 
the  country. 

The  most  important  business  of 
the  convention  was  the  merging  of 
the  Iowa  Assn.  of  Cement  Users 
with  the  Mid-West  Cement  Users 
Assn.  The  Mid-West  Cement  Show 
was  a  success  in  spite  of  the  bad 
weather,  with  all  trains  snowbound 
and  blockaded  practically  the  entire 
week.  In  spite  of  this  the  attend- 
ance was  about  7,000.  However,  ex- 
hibitors reported  a  good  business  and 
had  no  complaint  to  make. 


Form  work  for  a  reinforced  con- 
crete floor  is  at  times  so  carelessly 
constructed  that  the  ends  of  the 
shores  or  uprights  rest  on  soft  earth 
in  such  a  manner  as  to  allow  the 
beams  and  girdf-rs  to  sag  under  the 
weight  of  the  wet  concrete.  Where 
the  soil  is  soft  several  planks  should 
be  crossed  in  order  to  get  sufficient 
support  to  prevent  settling  under  the 
weight  of  the  concrete. 
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Handbook  of  Construction  Plant.  By 
Richard  T.  Dana,  cloth,  4I/2"  x 
6I/2'',  702  pp.,  312  figs.  Myron 
C.  Clark  Pub.  Co.,  $5.00. 
T'he  contents  of  this  book,  which 
may  rival  the  now  famous  Gillett's 
Handbook  of  Cost  Data  in  its  par- 
ticular field,  consists  of  illustrated 
descriptions  of  the  various  machines, 
appliances  and  tools  included  in  con- 
tractors' equipment,  the  subject  mat- 
ter being  treated  alphabetically,  thus 
facilitating  the  easy  use  of  the  book. 
The  descriptions  include  practi- 
cally every  type  of  equipment,  as  well 
as  cost  data,  and  the  text  is  amplified 
by  many  illustrations  and  tables.  The 
data  forming  the  subject  matter  of 
the  book,  according  to  the  author's 
preface,  have  been  in  use  in  his  office 
for  some  time,  many  of  them  having 
been  used  and  verified  almost  daily. 
It  is  stated  that  for  this  reason  it  is 
felt  that  rather  more  confidence  can 
be  placed  in  the  usefulness  as  well 
as  the  accuracy  of  the  material  than 
if  it  had  not  passed  through  a  fairly 
thorough  period  of  "seasoning." 
The  author  further  states  that  the 
keynote  of  the  book  has  been  practi- 
cal utility  to  the  man  who  has  to  buy, 
sell  or  use  a  construction  plant,  or 
who  needs  to  know  what  can  be  done 
with  it.  The  availability  of  existing 
facts  in  the  shortest  time  on  the  read- 
er's part,  rather  than  interesting 
theory  and  clever  comparisons,  has 
been  kept  most  in  mind.  Because  of 
this,  a  large  wealth  of  material  that 
will  be  of  interest  to  the  economist 
and  to  the  engineering  student  (but 
for  which  there  is  no  space  in  the 
present  book)  has  been  put  aside  for 
publication  some  time  later,  if  it 
seems  desirable. 


Directory   of   Cement,   Gypsum   and 
Lime    Manufacturers.       Published 
by  the  Cement  Era,  Ninth  Edition, 
1915,  leather,  3"  x   5",  202   pp., 
illust.,  $1.00  postpaid. 
The    1915    edition   of  tliis   annual 
directory  presents  a  complete  list  of 
manufacturers     of    cement,    gypsum 
and  lime,  so  that  any  prospective  pur- 
chaser of  these  products  may  locate, 
at  a  glance,  his  nearest  mill.      Ma- 
chinery and  supply  manufacturers  of 
products  used  in  the  construction  and 
operation  of  plants;  list  of  brands, 
alphabetical  list  of  officers,  superin- 
dents  and  chemists  of  cement,  gyp- 
mond  piles.  Simplex  piles,  and  pre- 
tics   on   the   output  of  the   products 
are  given.     By  means   of  this  book 
valuable    information    is    given    the 
consumer,  at  a  nominal  cost. 


An  Efficient  Concrete  Plant 

Used  on  Bridge  Approaches 

By  Everett  L.  Jones* 

It  is  very  often  the  case  in  con- 
struction work  that  the  selection  of 
plant  at  the  beginning  of  the  job 
may,  at  the  end,  enable  the  contrac- 
tor to  show  a  gain  or  a  loss ;  there- 
fore the  cost,  particularly  of  the  con- 
crete mixing  plant,  should  be  care- 
fully considered  and  the  best  type 
erected  for  the  money  available. 

After  careful  consideration,  the 
concrete  plant  shown  in  Figs.  1  and 
2  was  selected  and  erected  for  con- 
creting the  arches  on  the  north  ap- 
proach of  the  North  Side  Point 
Bridge,  Pittsburgh. 

There  were  some  10,000  cu.  yds. 
of  concrete  that  could  be  placed  in 
the  area  covered  by  this  plant,  most 
of  which  was  in  six  reinforced  con- 
crete arches  diminishing  from  a  clear 
span  of  84'  to  45',  as  well  as  the 
piers  and  foundations  on  which  they 
rested. 

As  the  maximum  amount  of  con- 
crete to  be  placed  in  any^  one  day  of 
10  hrs.  was  300  cu.  yds.,  the  plant 
was  designed  with  this  in  view.  The 
principal  features  of  this  plant  as 
shown  are  the  distributing  chute  and 
boom  which  were  constructed  by  an 
entirely  new  method  and  adopted  by 
the  writer  because  of  the  unsatisfac- 
tory results  obtained  from  the  so- 
called  free-end  chutes  now  on  the 
market,  together  with  the  cost  of  the 
latter. 

HANDLING  CONCRETE  MATERIALS 

All  concrete  material  being  deliv- 
ered by  wagon  a  hole  was  dug  in  the 
street  in  the  rear  of  the  mixing  plant 
and  to  a  sufficient  depth  below  the 
ground  to  receive  the  boot  of  a  bucket 
conveyor,  as  shown  in  Fig.  1,  and  also 
to  hold  2  cu.  yds.  of  sand  or  gravel. 
Over  this  hole  was  laid  a  platform 
with  a  trap-door  which  could  be 
pulled  up  against  the  wheels  of  a 
wagon,  allowing  all  material  to  fall 
inside,  instead  of  being  scattered  on 
the  ground. 

The  sand  or  gravel  was  hoisted 
alternately,  as  desired,  by  a  45-ft. 
conveyor  into  storage  bins  which  had 
a  capacity  of  50  cu.  yds.  of  sand  and 
100  cu.  yds.  of  gravel.  From  these 
bins  the  aggregates  were  fed  by 
gravity  first  into  a  measuring  hopper 
back  of  the  mixer  and  then  into  a 
•)4-cu.  yd.  Ransome  mixer,'  from 
which  in  turn  it  was  dumped  into  a 
40-cu.  ft.  hoist  bucket. 

Cement    was    delivered    from    the 


'Const.  Engr.,  Booth  &  Flinn,  Ltd.,  Pitts- 
burgh 

^Ransome  Concrete  Mchy.  Co.,  Dunellen,  N. 
.T. 
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cars  by  wagon  and  unloaded  from  it 
directly  onto  a  26-in.  incline  belt  con- 
veyor which  carried  the  cement  bags 
up  and  dumped  them  on  a  table  be- 
hind the  measuring  hopper.  From 
this  table  an  incline  chute  led  into 
the  measuring  hopper  so  that  as  fast 
as  one  bag  of  cement  was  dumped 
another  took  its  place. 

Water  was  fed  into  the  mixer  from 
a  measuring  tank  located  on  a  plat- 
form directly  over  the  mixer,  the  flow 
of  water  being  controlled  by  quick- 
opening  valves  both  on  the  discharge 
and  the  supply  pipe.  On  this  plat- 
form were  also  located  the  levers  for 
controlling  the  flow  of  sand  and  grav- 
el from  the  storage  bin  to  the  measur- 
ing hopper  and  for  charging  and 
discharging  the  mixer,  all  of  which 
were  within  reach  of  one  man.  To 
obtain  speed  at  required  times  two 
men  were  used. 

CONSTRUCTION    OF    HOISTING   TOWER 

The  96-ft.  wooden  tower  was  built 
with  6-in.  X  6-in.  corner  posts  halved 
together  at  the  joints,  braced  with 
2-in.  X  6-in.  struts  and  diagonals 
and  guyed  with  two  sets  of  four  guys 
each,  as  shown  in  Figs.  1  and  2.  All 
braces  were  spiked  or  bolted  to  the 
inside  of  the  6-in.  x  6-in.  timbers, 
leaving  the  outside  free  for  a  sleeve 
to  slide  up  and  down.  The  sleeve 
was  built  about  20'  high  on  the  four 
sides  of  the  tower  and  held  together 
with  braces  and  %-in.  tie-rods,  so 
that  the  2-in.  x  8-in.  timbers  would 
slide  on  the  corner  posts. 

A  %-in.  wire  rope  was  attached  to 
each  of  the  four  corners  and  run 
through  two  equalizing  sheaves  on 
top  of  the  tower  and  from  them  down 
the  outside  of  the  tower  to  the  hoist- 
ing engine.  On  this  sleeve  were  fas- 
tened the  receiving  hopper,  the  plat- 
form and  the  100-ft.  distributing 
chute  so  that  the  whole  device  could 
be  raised  or  lowered  with  the  wire 
ropes  which  led  to  the  hoisting  en- 
gine, as  the  chutes  were  needed  for 
concreting  on  foundations,  piers  or 
arches,  either  near  to  or  distant  from 
the  tower.  This  arrangement  had 
the  advantage  of  enabling  the  con- 
tractor to  make  a  quick  change  from 
one  concreting  operation  to  another 
without  having  to  move  the  chutes  to 
any  great  extent  or  put  on  additional 
lengths  to  bring  concrete,  for  in- 
stance, from  the  top  of  the  tower  to 
the  lowest  le\^l  of  the  footing. 

The  boom  for  the  distributing 
chute  was  constructed  of  wood  be- 
cause of  its  lightness  and  cheapness, 
the  entire  arrangement  being  built 
on  the  job  from  four  2-in.  x  4-in. 
spruce  latticed  together  by  1-in.  x 
3-in.  plank  on  all  four  sides  into  a 
stiff  meimber  50'  long,  tapering  from 
2'  6"  X  2'  6"  at  the  middle  to  about 
10"   X    10"   at   the   ends.      One   end 
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was  fastened  to  the  bottom  of  the 
sleeve  mentioned  above  with  a 
wrought  iron  boom  seat,  while  the 
other  end  was  held  up  to  the  desired 
angle  with  two  %-in.  wire  cables 
running  through  an  equalizing  sheave 
fastened  on  the  tower  about  18' 
above  the  boom  scat.  On  these 
cables  "were  strung  pieces  of  2-in.  x 
4-in.  blocks  18"  long  notched  out  to 
fit  the  bottom  of  the  chute  which 
rested  on  them. 

The  chute  was  made  from  No.  10 
iron  with  straight  sides  10"  deep,  9" 
wide  and  a  half-round  bottom.  The 
sides  were  flanged  out  on  top  and 
cross-braced  with  1-in.  angle  irons  to 
give  additional  stiffness,  and  10-ft. 
sections  were  bolted  together  with 
sufficient  splice  plates  to  give  the 
iron  its  full  strength.  The  50-ft. 
free  end  chute  was  built  in  the  same 
manner  and  hung  from  the  end  of 
the  boom  on  a  swivel  joint.  To  give 
this  section  greater  strength  a  %-in. 
rod  was  run  from  one  end  to  the  oth- 
er through  lugs  riveted  to  the  bottom 
of  the  chute,  the  rod  being  tightened 
by  means  of  turn-buckles. 

By  constructing  the  chute  in  this 
manner  all  hog  rods  and  lateral 
braces  were  eliminated,  making  it 
much  more  convenient  to  handle  and 
four  men  to  six  men  could  move 
the  entire  chute  in  a  radius  of  100' 
or  less  without  trouble. 

The  distributing  distance  from  the 
tower  was  increased  to  take  care  of 
the  small  arches  by  connecting  the 
free  end  chute  with  other  chutes 
suspended   from   a  cable   which   ran 


over  the  tower  and  anchored  in  the 
abutment  of  the  last  arch. 

The  construction  of  this  chute  on 
the  above  mentioned  lines  enabled 
the  contractor  to  chute  concrete  at 
a  much  flatter  angle  than  the  writer 
has  ever  been  able  to  do  with  any 
other  chute  now  on  the  market,  thus 
covering  a  greater  area  with  a  short- 
er tower.  Over  8,000  cu.  yds.  of 
concrete  have  passed  through  the 
chute  without  having  it  clog  once, 
and  as  this,  in  some  cases,  is  a  cause 
for  much  loss  of  time,  the  saving 
ensuing  from  this  type  of  chute  can 
be  appreciated.  Taking  the  original 
cost  and  the  economy  in  operations 
against  the  amount  of  concrete  to 
be  placed  this  type  of  plant  might  be 
considered  the  best  that  could  be 
erected  for  this  particular  piece  of 
construction  work  and  has  so  proved. 

Both  mixer  and  conveyors  were 
operated  by  electric  motors  while  the 
concrete  was  hoisted  in  the  tower  by 
a  regular  8-in.  x  10-in.  hoisting  en- 
gine. 

PERSONNEL 

Booth  &  Flinn,  Ltd.,  Pittsburgh, 
are  the  general  contractors,  for 
whom  M.  J.  Feeney  is  gen.  supt.  and 
the  writer  const,  engr.,  in  charge  of 
work. 


Forks,  spades,  or  other  suitable  in- 
struments should  be  used  for  pud- 
dling wet  concrete  after  it  has  been 
deposited  in  the  forms.  These  im- 
plements should  be  small  enough  to 
enter  well  into  the  space  between  and 
around  the  reinforcing  steel. 


Figs.  1  and  2 — Arraxgeimext  of  Concrete  Plaxt  Used  ox  the  Approaches  for  thk 
North  Side  Poixt  Bridge,  Pittsburgh 

Fig.  1  shows  the  bucket  conveyor  for  hoisting  sand  and  gravel  to  the  storage  bins  of 
SO  cu.  yds.  and  100  cu.  yds.  respectively,  located  above  the  mixer 

Fig.  2  shows  a  partial  view  of  the  six  reinforced  concrete  arches,  varying  in  span 
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Prize  Design  in  English  Farm 
Cottage  Competition 

With  a  view  to  offering  solutions 
to  the  problem  of  economical  housing 
for  rural  laborers  in  England,  Con- 
crete and  Constructional  Engineer- 
ing conducted  a  competition  in  which 
prizes  were  offered  for  designs  for 
small  houses  meeting  the  require- 
ments in  question.  Through  the 
courtesy  of  the  editors  of  the  Eng- 
lish magazine,  notes  and  drawings 
are  here  reproduced  descriptive  and 
illustrative  of  the  design  which  re- 
ceived first  award. 

The  first  award  design  is  by  Ernest 
S.  Thompson.  It  is  of  an  isolated 
one-story  cottage,  in  which  concrete 
is  used  tliroughout,  having  an  excel- 
lent plan  with  a  central  living  room 
185  sq.  ft.  in  area,  and  three  bed- 
rooms, being  102  sq.  ft.,  106  sq.  ft. 
and  125  sq.  ft.  in  area  respectively. 
There  is  a  scullery  56  sq.  ft.  in  area 
and  food  store  off  the  scullery,  and 
a  w.  c.  and  fuel  store,  both  entered 
from  the  outside.  The  rooms  are  8' 
in  height,  and  there  is  no  waste  space 
whatever  in  the  plan,  the  whole  be- 
ing conveniently  arranged  with  a 
view  to  economy  of  labor  in  carrying 
out  the  domestic  duties  of  the  house- 
wife. The  windows  are  so  placed 
that  each  room  will  get  sun  some 
hours  of  the  day.  The  flat  roof 
adopted,  while  being  somewhat  novel 
in  design,  would  be  a  pleasing  feature 
in  the  scheme,  and  is  skilfully  treated 
so  that  only  one  rainwater  pipe  is  re- 
quired. The  author  is  to  be  con- 
gratulated on  his  lever  treatment  of 
the  problem,  and  it  is  to  be  hoped 
the  design  will  be  carried  out  at  an 
early  date.  The  total  cube  is  £8,130 
10s.  ($612.06).  This  sum,  according 
to  the  conditions,  does  not  include 
drainage,  water  supply,  sanitary 
equipment  or  plumbing,  and  the  work 
to  be  carried  out  by  an  owner  buying 
his  own  materials  and  employing  di- 
rect labor. 

Mr.  Thompson's  statement  of  the 
design,  abstracted  from  Concrete  and 
Constructural  Engineering,  is  as  fol- 
lows: 

The  cottage  provides  all  the  accommo- 
dation asked  for,  is  economically  planned, 
sound,  cheap  and  suhstantial;  is  one  story 
high,  with  a  minimum  use  of  timVjer,  has 
good  square  rooms  and  no  dark  corners. 
Each  cottage  is  detached,  and  is  placed 
on  the  site  so  that  every  living  room  gets 
the  full  henefit  of  a  southerly  aspect.  The 
bedrooms  also  are  lighted  with  due  con- 
sideration. 

The  external  walls  are  of  iy^-'in.  solid 
concrete  block  and  breeze  (cinder)  con- 
crete partition  slabs  Qy^"  thick,  with  a 
2-in.  cavity  in  between,  well  tied  together. 
These  slabs  would  also  be  used  for  the 
partition  walls. 

The  external  treatment  is  extremely 
simple,  depending  more   for  effect  upon 
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proportion  and  shadow  than  the  use  of 
architectural  adornment. 

The  floors  of  bedrooms  are  covered  with 
1-in.  grooved  and  tongued  boarding, 
nailed  direct  to  the  breeze  concrete. 

The  other  floors  would  be  finished  in 
granolithic,  or  concrete  tiles. 

All  internal  surfaces  of  walls  would 
be  skimmed  one  coat,  the  boarded  ceil- 
ing stained  and  varnished. 

The  drawings  will  be  found  quite  ex- 
planatory of  all  other   necessary  points. 


Expansion   Measurements  on 
a  Concrete  Factory 

Very  careful  measurements  of  the 
Gray  &  Davis  building  in  Cam- 
bridge, Mass.,  were  made,  shortly 
after  completion  of  the  building,  by 
Prof.  Howard,  of  the  Mass.  Inst,  of 
Tech.  The  builders — Aberthaw  Con- 
struction Co.,  Boston— wanted  the 
basis  for  a  study  of  the  expansion 
and  contraction  of  a  reinforced  con- 
crete building  under  temperature 
variations.  A  study  of  the  over-all 
measurements,  as  well  as  a  study  of 
the  movement  of  vertical  lines  estab- 
lished on  the  south  front  of  the 
building,  presents  interesting  feat- 
ures. 

Measurements  were  made  Nov.  7, 
1913 — a  moderately  warm  day;  Feb. 
12,  1914— a  cold  day;  Sept.  1,  1914 
— a  hot  day. 

The  varying  lengths  of  the  build- 
ing, measured  between  points  accu- 
rately established  near  the  two  ends, 
are  given  as  follows,  in  each  case  tlie 
measurement  given  being  the  aver- 
age of  several  determinations: 
Temper- 


ature, Des.  F. 
Date  Base     Roof 

Nov.      7,  1913..    69.8        56.9 
Feb.    12,  1914.  .    17.4  6.2 

Sept.     1,  1914..    90.  82. 


Length.  Ft. 

Base        Roof 

382.5.59        379.437 

382.552        379.377 

382.580        379.483 


The  shrinkage  in  the  base  with  a 
difference  of  temperature  of  52.4° 
is  apparently  0.007'.  At  the  roof 
with  a  difference  of  50.7°,  the 
shrinkage  was  O.O6'.  Comparing 
Sept.  with  the  previous  Nov.  the  base 
had  expanded  0.021'  with  a  20°  F. 
increase  in  temperature,  and  the  roof 
0.046'  with  a  temperature  difference 
of  25°  F.  It  is  evident  that  the 
variation  per  degree  difference  in 
temperature  was  much  greater  on  ex- 
pansion than  it  was  on  contraction. 

These  measurements  were  made 
with  a  standardized  100-ft.  steel 
tape*  belonging  to  the  Mass.  Inst, 
of  Tech.,  and  with  proper  correc- 
tions made  for  the  expansion  and 
contraction  of  the  tape,  due  to 
change  in  temperature.  The  coeffi- 
cient of  the  steel  used  in  the  tape 
was  0.0000063,  the  tape  being  stand- 
ard with  an  18.5-lb.  pull  at  62°  F. 
when  unsupported. 

The  roof  measurements  were  made 
on   the   inside   of   the   parapet   wall, 

^Lufkin  Rule  Co.,   Saginaw,   Mich. 
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while  the  lower  measurements  were 
made  on  the  water  table  running 
along  the  base  of  the  building  about 
2'  above  the  ground.  The  various 
points  were  established  by  round- 
headed  brass  screws  set  into  lead  ex- 
pansion shields  which  were  well  an- 
chored into  the  concrete  wall. 

Each  measurement  was  made  three 
times  and  the  temperature  taken  by 
three  thermometers  at  the  head,  rear 
and  middle  of  each  length.  In  com- 
puting for  expansion  and  contraction 
of  the  steel  tape  average  tempera- 
ture for  the  length  was  taken. 

The  stations,  as  shown  in  the  ac- 
companying sketch,  were  located 
about  as  follows:  A  was  about  22' 
from  the  corner  of  the  building;  B, 
79'  from  A;  C,  100'  from  B;  D  and 
E  each  79'  from  the  preceding  posi- 
tion. This  left  E  about  22'  from 
the  east  corners.  The  original  estab- 
lishment of  these  points  on  the  out- 
side of  the  building  and  in  the  edge 
of  the  roof  slab  was  made  by  a  man 
swung  out  in  a  boatswain's  chair. 

A  line  was  established  parallel  to 
the  length  of  the  building  and  about 
110'  away.  Points  were  then  estab- 
lished on  this  line  to  correspond  to 
the  five  points  established  on  the 
building  and  exactly  opposite  to  them. 
The  points  established  on  the  top  of 
the  building  were  approximately 
plumbed  down  to  corresponding 
points  on  the  water  table.  A  transit 
was  then  set  up  on  the  base  line  op- 
posite each  point  in  succession,  and 
the  lines  plumbed  down  with  a  cross- 
hair, the  transit  reversed  and  the 
lines  plumbed  again.  A  brass  screw 
in  a  lead  shield  was  then  put  on  the 
water  table  directly  under  each  up- 
l^er  point. 

After  this  had  been  done  for  the 
entire  group  of  points  the  operation 
was  repeated  as  a  check  and  the  final 
established  point  on  the  water  table 
was  midway  between  the  two,  thus 
found  by  independent  measurements. 

The  latest  measurements  to  which 
allusion  is  especially  made  in  the 
present  article  were  based  upon  the 
original  measurements,  and  indicated 
the  departure  of  the  upper  points 
from  their  original  position  with  re- 
gard to  the  lower  points. 

In  some  ways  the  most  interesting 


feature  of  the  study  is  the  movement 
of  the  points  located  on  the  parapet, 
as  compared  with  the  points  at  the 
base,  which  may,  for  our  purpose, 
be  considered  as  fixed.  The  accom- 
}>anying  diagram  shows  by  heavy 
vertical  lines  the  condition  in  Nov., 
1913,  when  the  lines  from  upper 
point  to  lower  point  were  exactly 
vertical.  The  dotted  line  shows  in 
each  case  the  movement  of  the  upper 
point  with  regard  to  the  lower,  as 
measured  in  Feb.,  1914;  while  the 
dot-and-dash  line  shows  the  posi- 
tions in  Sept.,  1914.  It  might  be 
mentioned  that  the  Sept.  measure- 
ments were  made  almost  exactly  1 
yr.  after  the  Aberthaw  Co.  finished 
pouring  concrete  in  the  building. 

While  the  construction  of  the 
building,  as  measured  in  Feb.,  seemed 
to  be  about  some  point  between  A 
and  B,  it  is  less  easy  to  fix  the  loca- 
tion of  the  point  about  which  expan- 
sion took  place  later,  although  it 
must  have  been  not  far  from  D.  A 
curious  feature,  however,  lies  in  the 
fact  that  the  four  sections  of  the 
building  between  measuring  points 
expanded  and  contracted  irregularly. 
When  the  building  contracted  as  a 
whole,  one  section  of  the  building 
showed  actual  expansion,  and  vice 
versa.  This  must  have  been  due  to 
local  causes  which  have  not  been  de- 
termined— possibly  to  interior  condi- 
tions of  heating. 

Soft  soap  may  be  used  instead  of 
oil  for  lubricating  the  forms  when 
the  inflammalbility  of  the  oil  is  ob- 
jectionable, as  soap  boiled  and  ap- 
plied hot  to  the  forms  gives  very 
good  results  in  preventing  the  ad- 
hesion of  concrete  to  forms. 


In  placing  concrete  in  floor  slabs, 
girders  and  beams,  the  work  should, 
if  possible,  be  carried  along  in  a 
straight  line  from  the  section  of  the 
building  which  is  being  concreted. 
Unless  adjoining  masses  of  concrete 
of  different  depths,  like  adjacent 
girders  and  slabs,  have  the  puddling 
or  ramming  operation  carried  down 
as  thoroughly  through  one  as  the 
other,  initial  setting  cracks  are  like- 
ly to  form  between  the  masses  of 
different  depths. 
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Concrete     Fence     Posts     for 
Lackawanna     Railway 
Lines 

An  ideal  location  is  the  first  requi- 
site for  economy  of  manufacture  in 
a  concrete  fence  post  plant  and  in 
this  particular  railroads  have  peculiar 
advantages.  The  D.  L.  &  W.  Ry. 
Co.  has  installed  additional  equip- 
ment for  making  fence  posts  in  ,i 
well  located  and  economically  ar- 
ranged plant  upon  its  lines  at 
Nichols,  N.  Y. 

It  is  alongside  tracks  which  are 
somewhat  elevated  from  the  sur- 
rounding ground  and  the  plant  con- 
sists of  a  main  shelter  shed  without 
sides — merely  a  protection  from  the 
weather  for  the  plant  equipment  of 
mixer,  molds  and  tools  used  and  for 
the  men  while  working.  There  is 
also  an  enclosed  building  for  housing 
the  cement,  which  is  unloaded  with 
an  inclined  chute  directly  from  the 
cars  into  the  shed. 

The  gravel  is  brought  to  the  plant 
in  bottom-dump  cars  and  dropped 
througli  trestle  work  to  clear  the 
tracks.  It  is  conveyed  to  the  mixer 
by  wheelbarrows  up  a  slight  incline 
as  needed  and  dumped  directly  into 
the  mixer,  the  feeding  hopper  of 
which  is  on  the  level  of  the  floor  of 
the  cement  shed ;  thus  the  mixer  is 
filled  economically.  The  mixer  is  of 
the  batch  type,  operated  by  steam. 

A  large-sized  mold'  is  used,  which 
is  31/2"  wide  at  the  top  and  51/2" 
wide  at  the  base,  1'  6"  long,  U- 
shaped  in  cross-section,  making  a 
post  with  a  round  back  and  a  flat 
face,  each  mold  being  complete  in  it- 
self, with  detachable  ends  which  are 
seldom  removed.  For  convenience  and 
economy  of  filling,  the  molds  are 
grouped  together  upon  a  supporting 
table  holding  eight  molds  at  one  time. 
Sufficient  concrete  to  fill  all  eight 
molds  is  dumped  from  the  mixer  at 
one  operation,  leveled  off  and  the  re- 
inforcement, consisting  of  hoop  steel 
%"  wide  and  about  Yxc,"  thick,  is 
placed,  four  lengths  per  post,  weigh- 
ing slightly  more  than  3  lbs.  for  the 
four  lengths. 

Concrete  of  the  consistency  of  mor- 
tar for  wall  plastering  is  used  which 
allows  it  to  adjust  itself  readily  to 
all  parts  of  the  mold  and  around  the 
reinforcing  bars.  A  slight  applica- 
tion of  oil  is  made  on  the  forms  with 
a  handful  of  waste  to  keep  the  con- 
crete from  sticking. 

When  the  molds  have  been  filled 
and  the  lower  reinforcing  bars 
placed,  the  molds  are  given  a  hori- 
zontal, vibratory  shaking  by  the  use 
of  vertically  set  supporting  springs 

'D.  &  A.  Post  Mold  Co.,  Three  Rivers,  Mich. 
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Fig.  1 — General  View  of  Storage  Yard  Showing  Track  to  Railway  Siding 

Fig.  2 — The  Elevation  of  the  Railroad  Above  the  Molding  Floor  of  the  Shed  is 
OF  Great  Advantage  in  Delivering  Materials 

Fig.  3 — Showing  Position  of  Mixer,  Moijis  and  Elevated  Runway  Above  Mixer 


of  a  rack,  or  so  called  "shaker," 
which  holds  the  molds  in  a  bed  which 
is  the  right  distance  from  the  ground 
to  work  easily  for  filling  and  remov- 
ing. This  is  a  part  of  the  D.  &  A. 
equipment.  This  shaking  gives  the 
posts  greater  density  and  better  sur- 
faces. 

After  hardening  for  about  2 1  hrs., 
under  normal  conditions,  the  line 
posts  are  removed  from  the  molds 
and  stood  upon  end  against  solid  sup- 
ports. A  piece  of  2-in.  timber  is 
placed  between  alternate  layers  of 
posts  as  stacked,  near  the  top  end, 
in  order  that  the  slant  may  not  in- 
crease and  cause  excessive  strain 
against  the  support. 

Upon  removing  the  molds  from  the 
posts,  the  molds  are  ready  to  use 
over  again.  When  through  making 
for  the  reason  the  molds  are  well 
oiled  inside  and  out,  and  stacked  for 
storage.  The  oiling  protects  them 
from  corrosion. 

Anchor  posts  are  used,  square  in 
cross-section,  5"  at  top  and  7"  at 
base,  8'  long.  These  are  piled  simi- 
lar  to    lumber,   with    cross-strips    at 


each  end  only.  A  spur  track  runs  to 
the  post  piles  for  loading  upon  cars 
for  distribution  over  the  lines  of  the 
system. 

These  concrete  fence  posts  are  now 
standard  upon  the  Lackawanna  sys- 
tem, and  they  have  been  in  use  since 
the  spring  of  IPIO.  More  than  100,- 
000  have  already  been  made  at  the 
plant  at  Boonton,  N.  J.,  and  most  of 
them  set  along  the  road's  lines  in  N. 
J.,  Pa.,  and  N.  Y. 

The  fence  is  fastened  by  the  use  of 
short  pieces  of  soft  wire  which  are 
wrapped  to  the  line  wire  at  each  side 
of  the  post  in  what  is  familiarly 
known  as  the  "Western  Union 
twist." 

The  fact  that  the  railroad  com- 
pany continues  to  make  posts  in  quan- 
tities, and  that  it  is  installing  in- 
creased facilities  means  that  the 
posts  are  proving  a  success  after  sev- 
eral years'  use.  This  is  only  one  of 
a  score  or  more  railways  using  one 
kind  or  another  of  concrete  posts 
with  success,  and  it  only  a  matter  of 
time  when  they  will  be  quite  univer- 
sally used. 
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New  Equipment,   Methods  and  Materials : 

New  Tools  with  Which  the  Industry  Works  □  □ 


This  magazine  will  not  publish  "reading  notices"  so-called,  for  the  benefit  of  advertisers. 
These  imges  are  edited  for  the  Header,  as  are  all  other  pages  in  "Concrete."  Manufacturers 
are  constantly  producing  new  and  better  methods  and  developing  old  methods,  materials  and 
machines.  The  progress  of  the  concrete  field  is  measured  by  the  development  of  its  tools.  All 
developments  along  these  lines  are  of  real  interest  and  importance  to  men  who  want  to  im- 
prove the  quality  of  their  work,  decrease  its  cost,  increase  its  quantity.  This  department  is 
for  just  that  kind  of  Editorial  material.  We,  therefore,  welcome  detailed  announcements 
which  will  be  of  practical  value  to  Readers.  Under  no  circumstances  will  this  magazine  pub- 
lish any  announcement  simply  because  an  advertiser  asks  it,  nor  refuse  publication  because  a 
non-advertiser  asks  it.  Material  must  carry  information  of  real  consequence  to  the  reader.  All 
material  will  be  edited  on  that  basis  regardless  of  the  source  from  which  it  comes. — The 
Editors. 


A    Nex^:    Bag    Cleaner,    with 
Counting  Device 

Few  contractors  realize  the  large 
amount  of  cement  returned  to  the 
mills  in  empty  sacks.  It  is  claimed 
that  from  6  oz.  to  10  oz.  of  cement 
are  returned  with  each  sack.  Figur- 
ing only  4  oz.,  after  having  shaken 


The  Cextury  Bag  Cleaner  with  Count- 
ing Device 

The  side  of  the  machine  has  been  cut 
away  in  order  to  show  the  bag  on  the 
beaters  or  vibrators.  The  boy  is  ready 
to  clean  the  bag  by  giving  the  crank  a 
few  turns.  The  cement  from  the  bag 
drops  into  the  base  of  the  machine,  with 
a  door  for  removing  the  cement. 


'Century   Cement   Machine  Co.,   02   Brown's 
Race,  Rochester,   N.  Y. 
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tlie  sack  by  hand,  would  give  ap- 
proximately 800,000  sacks  of  cement 
that  go  back  to  the  mill,  or  are  wast- 
ed each  year.  At  $1.50  per  bbl.,  this 
waste  would  mean  about  $300,000. 

The  accompanying  illustration 
shows  the  portable  Century  bag 
cleaner,^  which  offers  a  clean,  easy 
and  efficient  means  of  cleaning  and 
counting  empty  sacks.  It  is  simple 
in  construction,  light  in  weight  and 
easily  moved  from  one  job  to  another. 
All  bearings  are  properly  protected 
against  cement  dust  and  are  readily 
accessible  for  oiling. 

The  machine  is  furnished  for 
operation  by  hand  or  by  power,  and 
with  or  without  counter.  The  hand 
machine  does  not  run  hard,  but  of 
course,  will  not  clean  sacks  so  rapid- 
ly as  the  power  machine.  Very  little 
power  is  required  for  operation.  The 
power  machine  has  an  8-in.  x  12-in. 
pulley  of  from  200  r.  p.  m.  to  250 
r.  p.  m.,  and  requires  about  ^-h.p. 

It  is  claimed  that  either  the  power 
or  the  hand  machine  is  so  simple  in 
operation  that  an  ordinary  laborer 
or  a  boy  can  run  it.  The  bag  is 
dropped  onto  the  two  beaters  or  ver- 
tical steel  rods  bent  in  the  form  of  an 
inverted  U,  as  shown  in  the  accom- 
panying illustration.  The  beaters  or 
vibrators,  when  set  in  motion  by 
turning  the  large  wheel  by  hand  or 
by  power,  vibrate  back  and  forth 
under  the  sack  and  cause  the  cement 
to  drop  out  of  the  corners  and  from 
between  the  fibers  of  the  sack.  The 
sack  is  said  to  be  thoroughly  cleaned 
after  two  or  three  turns  of  the  crank 
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or  pulley.  The  machine  is  then  stop- 
ped with  the  beaters  together,  so  that 
the  arm  can  be  pushed  back  in  order 
to  remove  the  sack  and  at  the  same 
time  count  it.  When  50  sacks  are 
cleaned,  a  bell  rings  to  notify  the 
operator  to  tie  up  the  bundle. 

It  is  said  to  take  a  boy  from  30 
min.  to  40  min.  to  clean  and  bundle 
100  sacks. 


The  U  Bar  Bender 

The  accompanying  illustration 
shows  the  Universal  bar  bender,' 
which  may  be  fastened  to  any  bench 
or  plank.  It  is  a  light,  portable  de- 
vice weighing  about  60  lbs.  and  capa- 
ble of  bending  all  ordinary  sizes  of 
reinforcing  bars  to  any  angle  de- 
sired, without  any  adjustment  being 
necessary.  The  top  half  of  the  ben- 
der can  be  removed  and  used  to  bend 
bars  after  they  ^re  in  place.  The 
bar  rolls  around  the  pin  in  bending, 


Universal  Bar  Bender 


'Neevel  Mfg.  Co.,  Kansas  City.  Mo.,  or  The 
Universal  Stamping  Co.,  Ltd.,  Strasburg,  Pa. 
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tluis  distributing  tlie  strain  along  the 
bar  and  reducing  the  chances  of  frac- 
ture at  the  bend. 

The  bender  is  equipped  with  a  5- 
ft.  crowbar  for  a  handle,  which  may 
be  removed  and  used  for  other  pur- 
poses. To  bend  large  bars  easily,  the 
handle  should  be  Icngtliened  by  using 
an  iron  pipe  over  the  crowbar. 


New  MoDEr,  Sasgex  One-Half-Tox 
Portable  Circle-Swing  Builders'  Der- 
rick 

A      New     Portable      Circle- 
Swing  Builders'  Derrick  of 
1,000  Lbs.  Capacity    • 

The  accompanying  illustration 
shows  one  of  several  styles  and  sizes 
of  Sasgen  derricks^  for  building  con- 
tractors. Tliis  derrick,  known  as 
the  Steel  Champion,  has  a  height  of 
7'  6"  and  weighs  only  200  lbs.  It 
has  a  capacity  of  1,000  lbs.  and  is 
equipped  with  110'  of  crucible  steel 
cable,  hoisting  block,  self-lubricating 
bearings  and  fasteners. 

The  bottom  sills  and  mast  fold  to- 
gether, making  the  derrick  in  two 
parts  and  compact  enough  so  that  it 
can  be  taken  from  job  to  job  in  the 


'The    Sasgen    Derrick    Co.,    2053-57    Racine 
Ave.,  Chicago 


contractor's  automobile.  The  boom 
extends  5'  and  can  be  removed  in  a 
few  seconds  by  loosening  one  nut 
and  raising  the  boom  9," . 

The   derrick  may  be  operated  by 
hand,  horse  or  power. 


A  New  Type  of  Hollow  Con- 
crete Floor  Construction 

The  accompanying  illustration 
shows  the  Sanden  system  of  hollow 
concrete  floor  construction,^  designed 
to  eliminate  the  use  of  temporary 
centering  as  in  ordinary  reinforced 
concrete  work.  It  is  composed  of  re- 
inforced concrete  T-beams,  con- 
structed by  means  of  hollow  concrete 
forms,  71/4"  high  and  16"  wide  on 
the  fcottom.  The  forms  act  as  a  fil- 
ler and  rest  on  the  trick  wall  or 
frame  into  concrete  or  steel  beams, 
being  made  of  any  span  desired.  The 
main  reinforcement  for  the  floor  sys- 
side  sloping  up  under  the  track  be- 
tem  is  placed  between  these  forms, 
as  shown,  with  some  additional  bars 
in  the  top  of  the  T  at  right  angles  to 
the  joists.  The  concrete  is  poured 
in  the  same  manner  as  with  hollow 
tile  and  joist  construction,  being 
from  2"  to  3"  thick  over  the  forms 
(usually  2"). 

The  Sanden  floor  system  is  espe- 
cially adapted  to  dwellings  and  office 
buildings.  The  hollow  space  in  the 
forms  may  he  used  for  pipes,  wires, 
etc.,  and  is  claimed  to  be  of  consid- 
erable advantage  in  deadening  sound. 
The  dead  load  is  said  to  be  small  and 
it  is  claimed  that  ferwer  beams  are  re- 
quired than  in  ordinary  concrete 
floor  construction. 


'Arthur   Sanden,    5623   Catherine   St.,   West 
Philadelphia,    Pa. 


A  New  Bar-Bending  Tool 

The  accompanying  illustration 
shows  one  of  several  styles  and  sizes 
of  the  Wallace  bar  benders.*  This 
apparatus  can  be  operated  by  one 
man,  and  will  bend  reinforcing  bars 
up  to  ly^'  in  size,  without  heating 
the  bars. 

The  machine  has  an  auxiliary 
ratchet  lever,  which  operates  a  pin- 
ion against  a  series  of  teeth  in  the 
frame,  thus  exerting  considerable 
power.  The  ratchet  pawl  may  be 
thrown  out  of  engagement  and  the 
machine  operated  with  the  regular 
lever  or  handle  as  shown,  thus  mak- 
ing it  possible  to  bend  light  bars  cold 
at  a  very  rapid  rate.  The  machine  is 
fitted  with  anti-friction  rollers  on  the 
handle  and  with  a  special  dog  to  pre- 
vent back-lash.  All  dies  have  tool 
steel  face-plates. 


A  Portable  Car  Unloader  for 
Handling  Sand  and 
Gravel 

An  unloading  device,  shown  in  the 
accompanying  illustration,  has  re- 
cently been  placed  on  the  market. 
Such  a  device,  known  as  the  Eclipse 
portable  car  unloader,''  is  used  for 
unloading  sand,  gravel,  broken  stone, 
etc.,  from  hopper-bottom  railroad 
cars  to  a  bin  or  a  wagon  as  fast  as 
the  material  can  run  out  of  the  hop- 
per of  the  storage  bin.  It  is  designed 
to  speed  up  work,  save  expense  and 
number  of  men  and  develop  the  full 
efficiency  of  motor  trucks  or  wagons 
by  reducing  the  time  taken  in  load- 
ing. Unless  the  loading  is  practi- 
cally instantaneous,  much  of  the  ad- 
vantage of  the  motor  truck  is  lost,  as 


New  Type  of  Wallace  Bae  Bender 


The  Sanden  Svsteji  of  Hollow  Coxchete  Fix)or  Constructiok 


its  great  advantage  is  speed,  i.  e.,  the 
number  of  trips  it  can  make  per  da. 
The  unloader  is  very  simple  in 
construction,  being  mounted  on  heavy 
steel  trucks,  with  a  wooden  hopper 


'Wallace  Supplies  Mfg.  Co.,  414  Orleans  St., 
Chicago 

''The  Galion  Iron  Works  &  Mfg.  Co.,  Gallon, 
Ohio 
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bin,  of  either  18  tons  or  50  tons 
capacity,  on  posts  sufficiently  high  to 
allow  loading  from  this  hopper  by 
gravity  into  wagons  or  trucks.  At 
the  lower  end  of  the  wooden  frame 
are  hinged  legs  which  are  let  down 
and  take  the  load  off  the  wheels  and 
axles,  except  when  the  unloader  is 
being  moved.  From  the  base  of  the 
rectangular  derrick  frame,  mounted 
on  top  of  the  hopper,  is  a  wooden 
trackway  leading  down  to  the  ground. 
A  cable  leads  from  a  gasoline  hoist, 
mounted  in  the  frame  below  the  bin, 
to  a  pulley  block  at  the  top  of  the 
derrick  frame,  and  then  to  a  %-yd. 
A  pulley  block  at  the  top  of  the  der- 
rick frame,  and  then  to  a  %-yd. 
bucket  which  moves  up  and  down  the 
trackway. 


Eclipse  Portable  Car  Unloader 

In  setting  up  the  unloader  a  small 
pit  is  dug  beside  the  track,  with  one 
tween  two  ties  to  accommodate  a 
chute  which  catches  the  stone  as  it 
drops  from  the  bottom  of  a  hoppei 
car.  The  chute  is  equipped  with  a 
gate  to  control  the  run  of  stone  from 


the  car.  The  bucket  is  lowered  into 
the  pit,  the  chute  gate  lifted  and  the 
stone  allowed  to  run  into  the  bucket 
until  it  is  filled.  The  gate  is  then 
closed  and  the  bucket  is  hoisted  and 
dumped  into  the  unloader  bin.  Chutes 
in  the  lower  side  of  the  bin  are  pro- 
vided for  loading  the  material  into 
wagons. 

The  manufacturers  claim  that  only 
one  man  is  required  to  operate  the 
device,  and  that  it  handles  40  tons 
of  crushed  stone  per  hr.  at  a  cost, 
from  the  car  to  the  wagon,  of  about 
2  cts.  per  cu.  yd. 


A  Sack-Baler  With  Counting 
Device 

The  Economy^  sack-baling  ma- 
chine shown  in  the  accompanying  il- 
lustration is  constructed  entirely  of 
steel  and  iron,  with  the  exception  of 
the  table  and  the  sack  shelf.  The 
leverage  obtained  through  the  opera- 
tion of  gear-wheels  running  on  rol- 
ler-bearings is  said  to  be  such  as 
would  enable  a  boy  eight  years  old  to 
bundle  sacks  so  tightly  that  a  sack 
could  not  be  removed  while  the  wires 
were  intact. 

The  machine  is  very  simple  in 
operation.  The  sack  shelf  is  intend- 
ed for  the  convenience  of  having  the 
sacks  to  be  bundled  directly  before 
the  operator,  so  that  in  laying  the 
sacks  out  flat  in  the  machine  he  does 
not  have  to  stoop  to  pick  them  up. 
Such  an  arrangement  also  enabbs  the 
operator  to  get  a  better  vie^v  of  the 
sacks,  thereby  detecting  any  foreign 
or  damaged  sacks. 

When  taking  sacks  from  the  shelf, 
the  operator  trips  the  lever  on  the 
counting  device  with  the  edge  of  his 
right  hand.  The  counting  device  is 
set  at  00,  and  has  a  dial  showing 
the  number  of  sacks  that  have  been 
placed   in   the   machine.      When   the 

^Wright  Bros.,  Litchfield,   111. 


counter  has  been  tripped  /50  times,  a 
bell  rings  and  the  counter  automati- 
cally clears  itself  to  OO. 

An  advantage  claimed  for  the 
counting  device  is  that  it  becomes 
mechanical  for  the  operator  to  trip 
the  lever  and  if  his  attention  is  de- 
tracted from  his  work  it  does  not  in- 
terfere with  his  count,  as  the  bell 
will  ring  when  50  sacks  have  been 
put  into  the  machine. 

After  50  sacks  have  been  laid  out 
flat  in  the  machine,  it  requires  but 
one  turn  of  the  crank  to  roll  the 
bundle  up  in  a  neat,  tight  roll,  and 
the  wires  coming  up  with  the  side 
arms  are  exactly  on  top,  ready  to 
twist.  It  takes  but  a  moment  to  twist 
these  wires.  A  ratchet  on  the  gear- 
wheels holds  the  machine  tightly  un- 
til released. 


Sack-Baler,  with  Counting  Device 
Afril,  1915 


The  Uni%t:rsal  Clincher  for  Fastenino 
U  Support-Ties 

A  New  Device  for  Clinching 
U  Support-Ties  for  Rein- 
forcing Bars 

In  order  to  improve  the  efficiency 
of  the  ordinary  common  laborer  usu- 
ally employed  for  placing  reinforc- 
ing bars  in  position  in  the  form,  the 
Universal  clincher'  shown  in  the  ac- 
companying illustration  has  been 
placed  on  the  market  for  the  purpose 
of  clinching  U  bar  support-ties. 
These  ties  are  described  in  the  issue 
of  Nov.,  1914,  p.  226. 

This  apparatus  fastens  the  bars 
together  quickly  and  in  a  secure  man- 
ner, and  can  be  used  on  any  size  or 
shape  of  bar.  It  is  provided  with  a 
hook  for  the  purpose  of  raising  the 
bars  when  placing    the    U    support- 


^Universal    Stamping    Co.,    Ltd.,    Strasburg, 
Pa. 
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ties.  After  the  clincher  has  been 
placed,  pushing  down  the  handle 
completes  the  operation. 

It  is  claimed  that  with  this  device 
an  untrained  man  can  start  out  at 
once  to  apply  from  8  ties  to  12  ties 
per  min.  and  with  little  practice  can 
do  much  better. 


furnislied   instead  of  the  sideloader 
when  desired. 

The  mixer  drum  has  double  cones 
of  unequal  tapers  comprising  only 
three  parts ;  the  large  semi-steel  coni- 
cal licad  with  gear,  and  a  similar 
slightly  rounded  head  joined  to- 
gether   by    a    shell    of    heavy    boiler 


The  Eureka  Concrete  Batch  Mixer 

A  New  Small  Concrete  Batch 
Mixer 

A  new  concrete  mixer  of  about  S^/o 
cu.  ft.  (mixed  concrete)  capacity, 
designed  especially  for  sidewalk  and 
paving  contractors,  is  the  Eureka 
Xo.  5  mixer.'  This  mixer  may  be 
placed  between  the  forms  on  a  side- 
walk job  and  the  concrete  discharged 
in  place,  thus  saving  the  time  of  sev- 
eral men  who  would  otherwise  be 
wheeling  mixed  material  to  the  forms. 
It  may  also  be  placed  so  that  con- 
crete may  be  dumped  directly  into 
forms  on  footings. 

The  mixer  is  mounted  on  an  all- 
steel  truck  with  three-point  suspen- 
sion as  shown  in  the  accompanying 
illustration.  The  rear  wheels  of  the 
truck  are  24"  in  diam.  and  the  front 
wheels  18"  in  diara.,  with  4-in.  face. 
The  main  frame  is  6'  11"  long,  36" 
wide,  with  5-in.  6%-lb.  channels. 

A  sideloader  of  the  pivoted  type 
with  an  automatic  clutch  release, 
holding  5  cu.  ft.  of  loose  material,  is 
furnished  with  the  mixer.  A  batch 
hopper  of  the  same  capacity  can  be 


'Eureka  Macliine  Co.,  U  Case  Ct..  Lansing, 
Mich. 
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plate  steel.  The  series  of  mixing 
blades  and  buckets  is  arranged  to 
give  a  uniform  mix  and  to  discharge 
rapidly  and  cleanly.  The  trunnion 
rolls  are  15"  in  diameter  with  ^Y\Q~ 
in.  face  and  pinned  solidly  in  pairs 
on  a  l^io-in.  shaft,  the  shaft  revolv- 
ing in  babitted  bearings  4"  long. 
The  water  tank  is  of  the  positive 
measuring  type,  18"  long,  14"  in 
diam.,  with  a  capacity  of  12  gals,  at 
100  lbs.  working  pressure. 

The  engine  used  on  the  Eureka 
No.  5  mixer  is  a  3l/^-h.p.  New  Way', 
air-cooled  engine,  of  the  regular 
gasoline  type.  An  electric  motor  to 
drive  the  engine  can  be  furnished 
when  desired.  The  engine  is  en- 
closed in  a  protecting  steel  housing. 


Bonanza  Cement  Tile  Roofing — Ameri- 
can Cement  Tile  Mfg.  Co.,  Pittsburgh, 
paper,  91/4"  x  6V4",  40  pp.,  ilhist.  This 
two-color  catalog  describes  in  detail  con- 
crete tile  for  pitch  and  flat  roofs  as  ap- 
))lied  to  industrial  buildings.  The  photo- 
graphs illustrate  actual  installations,  the 
roofs  of  the  buildings  being  colored  red 
in  the  illustrations.  A  panoramic  view  of 
Balboa  terminal  at  the  Pacific  end  of  the 
Canal  Zone  is  also  shown.  The  catalog  is 
neatly  arranged  and  the  illustrations  serve 
well  their  purpose. 

'New  Way  Motor  Co.,  Lansing,   Mich. 


Trade  Publications      n 


Bulletin  AC  Wheels  and  Caster— The 
George  P.  Clark  Co.,  Windsor  Locks, 
Conn.,  paper,  6%"  x  5",  48  pp.,  illust. 
This  bulletin  contains  description  and 
price  list  of  rubber  wheels  made  by  this 
well  known  firm.  The  information  is  con- 
cisely presented  and  at  the  same  time  con- 
veniently arranged. 

Data  on  Gager's  Hvdrate,  Ellis  Soper, 
M.E.— Gager  Lime  &  Mfg.  Co.,  Chatta- 
nooga, Tenn.,  paper,  1"  x  4%",  10  pp., 
illust.  This  booklet  contains  statements 
and  data  regarding  hydrated  lime.  Sev- 
eral tables  give  the  amount  of  hydrated 
lime  for  use  in  common  mortar,  plaster- 
ing, stucco,  Portland  cement  mortars  and 
concrete. 

Peerless  Motor  Trucks  are  the  Trucks 
for  Contractors,  Road  Builders  and 
Building  Supply  Houses — Peerless  Motor 
Car  Co.,  Cleveland,  paper,  8"  x  Si/a"?  16 
pp.,  illust.  Numerous  well  selected  illus- 
trations are  printed,  showing  the  use  of 
these  trucks  by  contractors  on  heavy  con- 
struction work  of  various  kinds. 

Palmer-Moore  Trucks  —  Palmer-Moore 
Co.,  Syracuse,  N.  Y.,  paper,  4"  x  9",  6  pp., 
illust.  Detailed  specifications  covering  the 
1,600-lb.  capacity  Palmer-Moore  trucks.  ' 
Numerous  illustrations  are  also  given 
showing  their  application  in  various  in- 
dustries. 

Bulletin  No.  10,  "Versatile  Varnish — 
Dielectric  Mfg.  Co.,  St.  Louis,  paper, 
61/4"  X  31/2",  4  pp.  This  folder  contains 
prices  in  dozen  lots  on  the  Versatile  var- 
nish. 

From  Stone  Cold  to  Full  Power  in  10 
Seconds,  The  Harris  Valveless  Engine — 
Harris  Patents  Co.,  N.  Y.  C,  paper,  11 14" 
X  81/2",  14  pp.,  illust.  This  bulletin  takes 
up  in  detail  the  advantages  of  the  Harris 
valveless  engine  for  vessels,  tugs,  police, 
pilot  and  fire  boats,  light-ships,  battle- 
ships and  submarines,  passenger  vessels 
and  auxiliary  vessels.  The  Diesel  prin- 
ciple as  applied  to  Harris  valveless  en- 
gines is  also  fully  illustrated.  The  second 
part  of  the  bulletin  considers  the  advan- 
tages of  the  Harris  valveless  engine  for 
general  power  purposes,  generating  elec- 
tricity, railroad  motor  power,  etc.  The 
bulletin  is  in  lose-leaf  form  with  a  card- 
board cover. 

The  Famous  "Crescent"  Concrete  Sewer 
Pipe  and  Drain  Tile  Molds,  Catalog  11 — 
Raber  &  Lang  Mfg.  Co.,  Kendallville, 
Ind.,  paper,  IO3/4"  x  Ty/',  30  pp.,  illust. 
This  catalog  considers  in  a  very  interest- 
ing manner  the  manufacture  and  use  of 
concrete  tile  and  pipe,  describing  at  the 
same  time  the  molds  used  in  making  them. 

Weber  Chimneys— The  Weber  Chimney 
Co.,  Chicago,  paper,  91/4"  x  5",  48  pp.,  il- 
lust. This  well  illustrated  booklet  gives 
views  showing  many  Weber  chimneys  now 
in  use,  being  accompanied  by  a  long  list 
of  users,  in  many  parts  of  the  U.  C,  Can- 
ada and   foreign  countries. 

Scandinavia  The  Cement  Belt— Scandi- 
navia Belting  Co.,  N.  Y.  C,  paper,  3%"  x 
G",  16  pp.,  illust.  The  several  merits  of 
Scandinavia  belting  for  transmission,  con- 
veying and  elevating  are  discussed  in  tliis 
booklet.  The  belting  is  especially  con- 
structed for  cement  work. 

Arril,  1915 


I 

I 


C©ncff«t 


[mJ 


Vol   6 


Detroit,  May,   1915 


No. 


The  Occasion  of  a  Letter  from  Mr. 
Edison 

'yHOMAS  A.  EDISON'S  letter  reproduced  on 
'  the  following  page  (226)  leaves  little  if  any- 
thing to  be  said  in  answer  to  the  misinformation 
about  the  Edison  fire  which  has  been  given  wide 
circulation  by  clay  brick  interests.  Mr.  Edison 
suffered  a  disastrous  fire.  It  was  of  most  serious 
consequences  in  its  interruption  of  his  business. 
Some  of  the  buildings  were  of  reinforced  concrete 
and  some  of  brick  and  steel.  The  brick  and  steel 
buildings  which  were  attacked  by  the  fire  were  a 
totals  100%,  loss;  the  concrete  buildings  were  a 
12^%  loss  only,  and  that  in  spite  of  some  feat- 
ures of  their  design  and  construction  now  consid- 
ered obsolete,  and  in  spite  of  an  almost  complete 
lack  of  any  provisions  such  as  steel  sash  and  wire 
glass  to  prevent  the  spread  of  flames  through  wall 
openings.  Mr.  Edison  is  using  concrete  exclusive- 
ly in  rebuilding.  These  facts  are  well  established 
and  have  been  well  established  for  several  months 
through  the  investigations  of  an  unprejudiced  com- 
mittee of  great  ability  and  integrity.  There  is  no 
possibility  of  finding  anywhere  in  the  situation  any 
arguments  in  favor  of  the  use  of  brick  and  steel 
construction  in  preference  to  reinforced  concrete. 
Concrete  demonstrated  its  worth  under  what  was 
probably  the  most  trying  test  ever  made  of  build- 
ing materials. 

It  is  very  difficult  to  find  the  wit  in  such  a  piece 
of  literature  as  that  given  wide  circulation  by  the 
Detroit  Brick  Mfrs.  and  Dealers  Assn.  Con- 
crete-Cement Age  some  time  ago  ceased  to  pay 
very  much  attention  to  the  things  produced  by 
some  misguided  and  short-sighted  "brick  writers." 
"Concrete"  has  other  things  to  do.  It  has  use  for 
its  pages  in  giving  practical  information  on  how  to 
achieve  the  best  with  concrete.  In  this  it  is  being 
given  the  splendid  assistance  of  the  experienced 
users  and  makers  of  concrete.  The  brick  makers 
and  the  brick  papers  have  a  similar  work  to  do. 
They  have  much  to  achieve.  Invective  will  not  help 
them.  Such  literature  as  that  answered  by  Mr. 
Edison  discredits  them.  They  have  just  that  much 
to  "live  down."  It  is  hard  to  believe  that  such  a 
silly  and  obviously  untruthful  attack  as  that  in  the 
pamphlet  especially  referred  to  has  the  countenance 


and  approval  of  the  good  business  men  of  the  brick 
industry  who  are  trying  to  build  up  their  industry 
on  an  honest  and  decent  basis.  It  must  embarrass 
them  to  appear  even  as  remote  sponsors  for  these 
bearers  of  false  witness ;  or  in  another  view,  to  be 
laughed  at  for  trying  to  "get  across"  with  any- 
thing so  asinine — statements  which  admit  of  such 
a  complete  and  unanswerable  come-back  as  the  let- 
ter from  Mr.  Edison. 

Building  Regulations  in  Massachusetts 

T  N  the  revision  and  uniform  codification  of  the 
Building  Laws  of  the  State  of  Mass.,  one  feat- 
ure of  the  old  law  is  left  which  seemed  to  invite 
considerable  peril  to  the  home-dweller.  The  well 
known  three-flat  wooden  apartment  house,  so  prev- 
alent through  New  England,  is  permitted  to  re- 
main and  is  not  required  to  be  built  of  concrete  or 
other  fireproof  material.  The  new  law  states  that 
such  buildings  must  be  covered  with  cement  or  plas- 
ter, however,  in  order  to  lessen  the  risk  of  fire 
spreading.  Professor  Killam,  who  is  a  member  of 
the  Commission,  points  out  that  while  the  three- 
floor  houses  of  wood  were  not  put  under  the  ban. 
their  danger  was  minimized  and  that  under  the  local 
option  features  of  the  proposed  general  state  stat- 
ute, towns  and  cities  and  even  subdivisions  of  mu- 
nicipalities might  shut  them  out  if  they  chose  to 
make  regulations  to  that  effect.  Meanwhile,  the 
danger  spot  remains  and  some  fire  accompanied  by 
loss  of  life  may  draw  special  attention  to  the  dis- 
tinguished professor  who  is  willing  to  allow  this 
dangerous  form  of  dwelling  house  to  remain  with- 
out fireproofing. 

According  to  the  report  of  the  committee  ap- 
pointed to  consider  the  matter  of  combustible  roof 
coverings  in  the  Bay  State,  it  is  recommended  that 
every  municipality  in  the  district  shall  pass  an  or- 
dinance requiring  the  use  of  fireproof  covering  on 
all  roofs  and  dormer  window  tops.  Fire  Preven- 
tion Commr.  O'Keefe  is  to  communicate  this  recom- 
mendation to  every  city  and  town  in  the  district. 
The  finding  of  the  committee  is  the  outcome  of  an 
extended  investigation  which  decided  in  favor  of 
fireproof  roofs  over  the  wooden  shingles  now  so 
largely  used  throughout  the  New  England  states. 
This  regulation  is  already  in  force  in  Salem,  which 
had  a  bitter  experience. 
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April   19,    1915* 


Detroit,  Mich, 


Gentlemen; - 


The  Detroit  P*:  ick  l^anuf acturers  and  Dealers 
Aescciaticn  is  distributing  throughout  the  United  States  a  pamphlet 
entitled  "The  Edison  Fire",  the  contents  consisting  of  a  re-print 
of  an  article  appearing  in  a  trade  journal,  "The  Clay  Wcrker** . 
The  entire  purpose  of  this  publlcatlcn  is  to  discredit,  and  if 
poesible,  retard  the  use  of  reinforced  concrete  in  the  constructicn 
cf  fire-proof  buildings. 
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Every  brick  and  steel  building  which  was 
attacked  by  the  fire  was  completely  destroyed,  together  with  all 
the  machinery  they  contained,  while  the  damage  done  to  the  concrete 
buildings  amounted  to  about  12-j^,  and  cf  the  machinery  contained  in 
the  concrete  buildings  98/^  was  saved  and  is  now  in  operation. 
Manufacturing  was  resumed  in  seme  of  the  old  concrete  buildings 
within  a  few  weeks  after  the  date  of  the  fire. 

Temperatures  were  far  in  excess  cf  those  in 
the  ordinary  fire,  but  reinforced  concrete  showed  its  superiority 
ever  any  other  fire-resisting  material. 

I  regret  that  any  representative  of  the  brick 
interests  should  have  seen  fit  to  sponsor  this  publication,,  the 
evident  purpose  cf  which  is  to  deceive.   The  millions  of  dolletrs 
of  fire  losses  in  this  country  annually  make  it  a  matter  of  moment 
that  the  superiority  cf  reinforced  concrete  fcr  fire-proof  struc- 
tures should  be  thoroughly  understood,  and  it  is  for  such  purpose 
that  I  have  written  this  letter. 


Yours  V 


Uo^CtiUsUaart 


[gte] 
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Fig.  1 — View  of  Combined  Dividixg  Wall  and  Inlet  Conduit  of  North  Side  Reservoir,  of  Pittsbuhgh,  Under  Consteuctioh 


Design  and  Construction  of  the  North  Side 
Reservoir  of  the  Pittsburgh  Water  Works 


The  design  and  construction  of  the 
new  North  Side  (Cabbage  Hill)  res- 
ervoir of  the  Pittsburgh  water  works 
are  here  described  from  information 
furnished  by  the  Pittsburgh  Indus- 
trial Development  Comm.j  Hartley 
M.  Phelps,  Pittsburgh;  and  from  a 
paper  by  E.  E.  Lanpher  and  J.  S. 
Cole  before  the  Engrs.'  Soc.  of  West- 
ern Pa.,  the  full  paper  and  discus- 
sion being  published  in  the  Oct., 
19H,  Proceedings. 


The  reservoir  is  to  help  supply  the 
North  Side,  or  the  old  City  of  Alle- 
gheny, and  the  low-lying  section  of 
old  Pittsburgh,  with  filtered  water; 
this  work  is  now  being  done  in  part 
by  the  Highland  reservoir  No.  2,  on 
the  old  city  side  of  the  river.  A  48- 
in.  steel  main  has  been  constructed 
under  the  Allegheny  river  at  26th 
St.,  by  means  of  which  the  water 
from  the  new  basin  will  be  distri- 
buted to  the  downtown  section,  the 
flat  lands  of  the  South  Side  and  the 
lowlands  of  the  West  End.  The 
Highland  reservoir  has  a  capacity  of 
130,000,000  gals.,  so  that  the  two 
basins  have  a  combined  capacity  of 
nearly  300,000,000  gals.  As  the 
North  Side  requires  but  35,000,000 
gals,  daily,  and  the  low-lying  part  of 
the  old  city  about   40,000,000  gals., 
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the  two  reservoirs  will  hold  sufficient 
water  to  supply  the  sections  men- 
tioned for  four  das. 


GENERAL   DESIGN 


The  reservoir  has  a  capacity  of 
160,000,000  gals,  with  a  water  area 
of  17  acres  and  a  water  depth  of  38'. 
It  has  been  built  by  the  cut  and  fill 
method,  three  sides  being  built  of 
rolled  embankment,  the  remaining 
side  being  entirely  in  cuts,  sur- 
rounded by  a  reinforced  concrete  re- 
taining wall  along  a  public  roadway. 

The  reservoir  is  divided  ipto  east 
and  west  basins  by  ,a  reinforced  con- 
crete dividing  wall  18'  high  (see 
Figs.  1,  2  and  3),  containinfg  the  in- 
let conduit  which, connects  the  main, 
or  inlet  and  outlet  gate  hoi^se  in  the 
northerly  embankment,  with  the  dis- 
tribution or  secondary  ga;te  house  in 
the  southerly  slope. 

Embankments.  —  The  embank- 
ments have  a  slope  on  the  outside  of 
2:1  for  a  height  of  about  20', 
where  there  is  a  5-ft.  berm,  as  shown 
134:1  for  20'.  On  the  inside,  the 
slope  is  2:1  from  the  bottom  to 
in  Fig.  4.  Above  this,  the  slope  is 
the  top,  the  height  being  about  42' 
above  the  floor  of  the  basins.  The 
top  of  the  embankment  is  15'  wide; 
the  maximum  width  of  the  foot  is 
185'.  The  outside  of  the  embank- 
ment was  scored  and  covered  with  6" 
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of  top  soil,  which  was  seeded  aiid 
sodded. 

Main  Gate  House. — The  main 
gate  house  foundation,  a  reinforded 
concrete  structure,  42'  x  38'  in  plan, 
extends  from  bed  rock  to  the  top  ,of 
the  northerly  embankment.  It  was 
poured  in  two  horizontal  sections  ^hd 
five  vertical  sections,  and  contains 
about  800  cu.  yds.  of  concrete. 

In  the  main  gate  house,  a  waste 
weir  is  provided  against  overflowing, 
the  water  being  carried  to  the  ra^in 
drain,  a  36-in.  circular  conduit  2,300' 
long,  running  to  a  small  stream 
'vhich  discharges  into  the  Allegheny 
river.  Other  drains  along  the  rtiad- 
way,  the  sides  of  the  reservoir  aand 
herring-bone  drains  under  the  floor 
system  along  the  southerly  and  the 
easterly  slope  discharge  into  this  36- 
in.  drain.  ' 

Retaining  Walls. — Thfe  reinforced 
concrete  retaining  wall  extends  for 
875'  along  the  southerly  side  of  the 
reservoir.  It  varies  in  height  from  2' 
to  21'  9".  The  heel  of  the  wall  is 
tied  into  an  egg-shaped  drain.  The 
vertical  section  of  the  wall  is  18" 
thick.  The  foundation  extends  2'  in 
front,  and  in  the  higher  sections,  9' 
in  back  of  the  face  of  the  wall 

The  wall  is  reinforced  with  %-in. 
and  %-in.  rods  at  various  spacings. 
The  base  was  constructed  in  8-ft. 
sections  because  of  the  interference 
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of  the  bracing  that  held  the  roadway 
in  place ;  the  wall  proper  was  built 
in  48-ft.  sections.  After  the  wall 
had  been  practically  completed  and 
the  slope  trimmed,  a  slippery  cla}'' 
was  exposed,  showing  that  a  general 
movement  of  the  wall  would  probably 
follow  the  backfilling.  A  large  toe 
pier  was  constructed  below  and  in 
front  of  the  base  of  the  retaining 
wall  and  extending  to  rock. 

Dividing  Wall  and  Conduit. — A 
novel  arrangement  was  made  use  of 
in  the  large  dividing  conduit  extend- 
ing across  the  middle  of  the  basin. 
As  shown  in  Figs.  2  and  3  it  serves 
both  as  an  inlet  and  an  outlet  con- 
duit; and  the  incoming  water  finds 
its  exit  into  the  reservoir  through 
lateral  distributing  conduits. 

The  combined  dividing  wall  and 
conduit  consists  of  a  triangular  con- 
duit of  an  area  equivalent  to  a  7-ft. 
circle,  supported  on  two  legs  or  cut- 
off" walls  extending  from  5'  to  9'  be- 
low the  floor  to  bed  rock,  all  sur- 
mounted by  an  18-in.  wall  about  .'5' 
high,  making  the  height  of  the  con- 
duit wall  l6'  above  one  basin  floor 
and  18'  above  the  other.  The  sides 
of   the    triangular    conduit    are    20" 


thick,  reinforced  with  %-in.  and  l/>- 
in.  bars  as  shown  in  Fig.  3.  The 
base  of  the  triangle  is  designed  as  a 
beam,  with  the  same  reinforcement 
as  the  sides.  The  surmounting  wall 
is  designed  as  a  cantilever. 

A  very  effective  method  of  rein- 
forcement was  utilized  in  the  con- 
struction of  this  dividing  wall,  as 
shown  in  Fig.  3.  The  hooks  at  each 
end  of  the  14-ft,  bars  in  the  base 
give  an  added  strength  and  rigidity 
not  possible  to  obtain  by  the  ordinary 
methods  of  doing  this  work. 

From  the  main  gate  house  to  this 
conduit  wall,  the  inlet  conduit  con- 
sists of  a  7-ft.  circular  reinforced 
concrete  conduit. 

Distributing  Conduits. — The  dis- 
section of  this  conduit  is  in  the  form 
tributing  conduits,  which  extend 
along  the  southerly  slopes  of  both 
basins,  were  built  of  concrete.  A 
of  a  trapezoid,  the  top  of  which  is 
horizontal,  the  bottom  of  which  is 
the  upper  layer  of  the  floor  system 
on  the  2:1  slope,  and  the  sides  of 
which  are  vertical.  Circular  open- 
ings are  provided  in  the  top  of  the 
conduit,  to  provide  for  circulation  of 
water  near  the  secondary  gate  house. 


Reservoir  Lining. — The  lining  of 
the  reservoir  floor  and  of  the  slopes 
up  to  the  revetment  consists  of  two 
4-in.  layers  of  concrete,  as  shown  in 
Fig.  4,  the  joints  overlapping  8",  in- 
stead of  the  usual  method  of  over- 
lapping from  center  to  center  of 
blocks.  The  lining  of  the  slopes 
above  the  revetment  drain  consists  of 
a  4-in.  layer  of  concrete  covered  to  a 
depth  of  12'''  with  large  gravel,  upon 
which  rest  a  6-in.  layer  of  reinforced 
concrete,  the  waterproofing  and  a  4- 
in.  surface  layer  of  concrete.  The 
floor  blocks  are  10'  x  10',  while  the 
blocks  on  the  slopes  vary  from  8'  x 
10'  to  16'  X  38',  the  larger  blocks 
being  in  the  6-in.  reinforced  layer. 

Waterproofing  of  the  slopes  con- 
sists of  four  ^Xq"!"-  layers  of  Sun 
asphalt  and  three  layers  of  8-oz. 
saturated  burlap,^  laid  alternately, 
between  the  layers  of  concrete,  while' 
in  the  floors  three  layers  of  asphalt 
and  two  layers  of  burlap  in  18-in. 
strips  were  used  at  the  floor  joints 
only  in  such  a  manner  that  the  water- 
proofing overlaps  the  joints  of  both 
layers  by  5".  All  joints  were  treated 
with  asphalt  either  by  mopping  or  by 
pouring  the  spaces  left  by  the  -^-in. 
steel  plates  used  as  forms.  The 
three-ply  waterproofing  is  about  %- 
in.  thick,  while  the  two-ply  water- 
proofing is  about  %"  thick. 

Supply  Main. — The  supply  main 
is  a  60-in.  steel  riveted  pipe,  extend- 
ing from  the  city  filtration  beds  at 
Aspinwall,  two  mi.  up  the  Allegheny 
river  from  the  Cabbage  Hill  basin, 
the  water  entering  the  basin  through 


Fig.  2 — Ground  Plan  of  North  Side  Reservoir,  Fittsbuhoh 


Fig.  3 — ^Sectiox  Through  Inixt  Conduit,  North  Side  Reser- 
voir, Pittsburgh 
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a  60-in.  reinforced  concrete  conduit 
at  the  north  side,  and  at  the  bottom 
of  tlie  reservoir.  About  2,000  lin.  ft. 
of  this  steel  pipe  was  used  on  the 
work. 

Sliiire-Gates. — Both  the  influent 
and  tlie  effluent  conduits  are  con- 
trolled from  the  same  gate-chamber 
at  a  single  gate  house.  The  sluice 
gates  are  of  the  standard  cast-iron 
type,  the  gate-gears  being  operated 
from  a  motor-driven  line  of  shafting 
attached  to  the  chamber  walls.  Four 
of  the  six  larger  gates  are  thus 
operated,  the  other  two  being  worked 
by  hand.  These  six  sluice-gates  are 
3'  6"  X  6'  in  dimensions.  There  are 
also  two  gates  2'  6"  x  3',  two  of  60", 
two  of  48",  two  of  12",  eight  of  8", 
and  six  of  6".  There  are  two  6-in. 
and  12  12-in.  check  valves  and 
two  Venturi  meters  of  the  60-in.  type. 

About  6,050'  of  agricultural  tile 
pipe  was  used,  including  6-in.,  8-in., 
12-in.  and  18-in.  sizes,  mostly  util- 
ized in  ground-water  drains,  where 
gravel  was  also  made  use  of. 

There  are  four  inspection  wells  on 
each  side  of  the  reservoir. 

MATERIALS    OF    CONSTRUCTION 

Universal  Portland  cement^  was 
used  throughout  the  work.  The 
coarse  river  gravel  varied  in  size 
from  1/2"  to  21/2".  The  chief,— in 
fact,  the  only — difficulty  the  con- 
tractor was  called  on  to  overcome  was 
in  the  transportation  of  material. 
Seventy  thousand  tons  of  sand, 
gravel  and  cement  had  to  be  hauled 
1%  mi.,  the  last  %  mi.  of  which  was 
up  a  grade  exceeding  6%,  the  road 
being,  moreover,  an  indifferent  one. 
It  led  from  Ohio  St.,  a  paved  thor- 
oughfare parallel  to  and  near  the  Al- 
legheny river,  to  the  site  of  the  re- 
servoir. The  handling  of  this  enor- 
mous amount  of  material  was  ef- 
fected with  the  greatest  efficiency 
and  dispatch. 

All  of  the  sand  and  gravel  used 
in  the  construction  of  the  reservoir 
was  dug  from  the  Allegheny  river  in 
the  vicinity  of  Hoboken,  from  which 
point  it  was  transported  in  barges  to 
Millvale,  where  the  contractor  had  in- 
stalled a  hoisting  plant.  The  mate- 
rial was  taken  from  the  barge  in  a 
clamshell  bucket  and  dumped  into  an 
elevated  storage  bin  containing  com- 
partments for  coarse  gravel,  fine 
gravel  and  sand.  From  this  bin  it 
was  taken  to  the  reservoir,  a  distance 
of  1%  mi.,  by  a  group  of  six  5-ton 
Pierce-Arrow  auto  trucks^  equipped 
with  Goodrich  wireless  tires,*  each 
truck  making  from  18  trips  to  20 
trips  per  da.  of  11  hrs. 


^Universal   Portland  Cement  Co.,   Chicago 
apierce-Arrow  Motor  Car  Co.,  Buifalo.  N.  Y, 
<B.  F.  Goodrich  Co.,  Akron,  Ohio 


Tlie  cement  was  received  at  a  sid- 
ing adjacent  to  the  Millvale  storage 
bin,  and  transported  to  the  reservoir 
in  a  5-ton  flat-bed  truck.  Through- 
out the  summer  of  1914  these  trucks 
were  operated  on  double  shift,  or  22 
hrs.  per  da.,  in  order  to  maintain  a 
supply  of  materials  at  the  reservoir 
site.  From  the  fleet  of  seven  trucks, 
it  was  found  necesisiary  to  hold  one 
truck  each  day  in  the  company's  own 
repair  shop  for  overhauling,  oiling, 
etc. 

Each  truck  averaged  24  trips  a 
day,  the  round  trip  consuming  about 
45  mins. 

Reinforcement. — The  reinforcing 
bars  are  of  the  square  twisted  type, 
made  from  open-hearth  steel,  with  a 
tensile  strength  before  twisting  of  not 
less  than  55,000  lbs.  nor  more  than 
70,000  lbs.  per.  sq.  in. 

Waterproofing. — There  are  two 
layers  of  concrete  on  the  slopes  and 
the  floor  of  the  reservoir,  each  4" 
thick,  with  three-ply  open-mesh 
Manila  burlap  between,  the  burlap 
being  saturated  in  a  bath  of  heated 
asphalt.  The  specifications  provided 
that  this  burlap  must  contain  99-5% 
pure  bitumen,  and  that  it  weigh  not 
less  than  8  oz.  per  lin.  ft.,  40-in.  mid- 
dle width,  before  saturation,  nor 
more  than  I6  oz.  after  saturation. 

EXCAVATION     AND    EMBANKMENT. 

Work  of  clearing  the  site  was 
started  July  liO,  1912.  Preparatory 
to  embankment  work,  the  entire  site 
of  24  acres  was  cleared  of  all  vegeta- 
ble growth  and  the  top  soil  removed 
to  storage  piles.  Good  foundation 
for  embankment  was  found  in  most 
places  at  a  depth  of  about  18". 

All  embankment  material  was  ob- 
tained from  excavation  in  the  basin 
and  consisted  mainly  of  first-class 
clay  of  several  shades,  and  of  easily 
broken  shale,  though  in  some  cases 
low-grade  dynamite  was  used  to 
facilitate  digging.  Most  of  this  shale 
disintegrated  rapidly  when  exposed  to 
the  atmosphere.  A  mixture  of  the 
clay  and  shale  was  spread  in  layers 
of  6"  or  less,  and  rolled  with  Buf- 
falo-Pitts grooved  rollers'  weighing 
2  tons  per  ft.,  producing  a  very  hard, 
impervious  embankment.  It  was 
necessary  to  pass  the  roller  over  each 
layer  at  least  six  times  to  compact 
the  soil  thoroughly  and  to  break  up 
the  small  stones.  No  stones  larger 
than  4"  in  diameter  were  placed  in 
the  embankment. 

The  total  amount  of  excavation 
was  about  350,000  cu.  yds.,  includ- 
ing 13,000  cu.  yds.  of  top  soil  exca- 
vating and  embankment.  To  build 
the     embankments     required     about 

^Buffalo  Steam  Roller  Co.,  Buffalo 


281,000  cu.  yds.  Tlie  general  filling 
represented  about   1,000  cu.  yds. 

Test  pits  sunk  by  the  engineers  of 
the  Water  Bureau  revealed  the  pres- 
ence of  rock,  but  not  in  any  consid- 
erable quantity. 

Three  steam  shovels,  a  Marion,'  a 
Bucyrus'  and  a  Thew,'  with  a  3-yd. 
1  y^i-yd.  and  ^/C-yd.  dippers  and  a 
70-ton  McMyhr  Interstate  locomo- 
tive crane"  were  used  in  excavating, 
the  larger  shovels  working  efficiently 
in  the  shale.  Four  Porter  contractors' 
locomotives"  and  50  Koppel  dump 
cars,"  of  4  cu.  yds.  capacity,  were 
used  in  conveying  the  material  to  the 
embankments. 

An  engine-operated  spreader,  two 
road  graders  and  four  l6-ton  rollers 
were  used  in  spreading  and  rolling 
the  embankments. 

The  maximum  yardage  excavated 
and  rolled  in  embankment  in  one  da. 
of  III/2  hrs.,  was  3,500  cu.  yds. 

THE    FORMS 

Steel  forms  were  used  for  the 
main  drain  and  for  an  egg-shaped 
drain  along  the  roadway.  Forms  for 
the  dividing  wall  and  conduit  were 
handled  by  the  Lidgerwood  cableway, 
to  be  described  in  connection  with 
the  central  concrete  plant. 

CONCRETE   WORK 

Proportions. — All  concrete  used  in 
the  construction  of  the  reservoir  was 
of  1:2:4  mix,  except  in  small  work, 
such  as  manholes,  catch-basins  and 
gate  vaults. 

Mixing. — Concrete  for  the  main 
gate  house  foundation  was  mixed  in 
an  electrically  operated  Ransome  1- 
yd.  batch  mixer,"  all  materials  being 
handled  by  the  traveling  crane.  An 
electrically  operated  1^-yd.  Ran- 
some mixer  was  installed  on  the  sec- 
ondary gate  house  foundation  direct- 
ly in  front  of  the  storage  bins.  Con- 
crete for  the  retaining  wall  and  the 
toe  pier  was  mixed  in  a  ^/^-yd.  Ran- 
some mixer,  as  well  as  that  used  in 
the  dividing  wall  and  conduit. 

Especially  noteworthy  was  the 
concrete-mixing  plant,  shown  in  Fig. 
5.  It  proved  one  of  the  most  efficient 
of  any  ever  constructed  on  a  job  in 
the  Pittsburgh  district.  It  was  built 
on  the  inside  wall  of  the  basin,  or  on 
the  Friday  St.  side.  The  gravel  and 
cement  were  placed  on  separate 
floors,  the  cement  being  on  the  ui>- 
per.  By  means  of  levers  on  the 
charging  floor  the  gravel,  sand  and 


"Marion  Steam  Shovel  Co.,  Marion,  Ohio 
'Bucyrus  Co.,  So.  Milwaukee 
*The\v  Automatic   Shovel  Co.,   Lorain,   Ohio 
'McMyler   Mfg.   Co.,   Cleveland 
^«H.  K.  Porter  Co.,  Pittsburgh 
"Orenstein-Arthur  Koppel  Co.,  Koppel,  Pa. 
"Ransome    Concrete    Mcliy.    Co.,    Dunellen, 
N.  J. 
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Fig.  4 — Section'  Through  Slope  of  Xorth 
Side  Reservoir,  Pittsburgh 


cement  were  slid  into  the  mixer  by 
gravity,  a  No.  40  Ransome  mixer, 
of  40  cu.  ft.  loose  capacity,  and  elec- 
trically driven,  was  used.  The  gravel 
storage  bin  had  a  capacity  of  500  cu. 
yds.;  that  of  the  sand  bin,  250  cu. 
yds. 

The  sand  and  gravel  from  the  bins 
were  controlled  by  shear  gates  di- 
rectly above  th  emixer  hopper,  while 
the  cement  was  placed  in  a  vertical 
chute  directly  over  the  hopper,  and 
controlled  by  a  slide  gate.  The  hop- 
per was  standardized  for  1  yd.  of 
concrete. 

During  the  busy  season  1  yd.  of 
concrete  could  be  turned  out  of  the 
mixer  every  min.,  although  the  aver- 
age time  of  mixing  was  about  1% 
min. ;  this  was  for  wet  concrete  used 
in  walls  and  all  flat  work.  The  dry 
concrete  used  on  slopes  required 
about  2^  min.  for  mixing  each 
batch. 

Conveyors. — The  mixer  discharged 
directly  in.to  Haines  shear  gate 
buckets  on  Kilbourne  &  Jacobs  flat 
cars,'*  or  to  Koppel  cradle  cars. 
Three  Porter  locomotives  were  fe- 
quired  during  the  time  of  the  laying 
of  the  floor  and  slope  blocks  to  trans- 
port the  concrete  from  the  mixer  to 
the  crane. 

A  Lidgerwood  stationary  cable- 
way"  was  held  in  the  construction  of 
the  dividing  wall  and  conduit,  and 
the  well  in  the  northerly  embank- 
ment, also  for  general  transportation 
purposes  from  Friday  Ave.,  includ- 
ing the  transportation  of  the  steel 
reinforcement  and  concrete  forms. 
The  head  tower  is  50'  high,  located 
on  the  southerly  side  of  Friday  Ave., 
and  the  tail  tower  is  45'  high,  located 
on  the  gate  house  in  the  northerly 
embankment.  The  distance  between 
towers  is  approximately  850'. 

Placing  Concrete. — -All  concrete 
used  below  the  revetment  was  mixed 
at  the  central  mixing  plant,  trans- 


"Kilbourne  &  Jacobs  Mfg.  Co.,  Columbus, 
Ohio 

"Lidgerwood  Mfg.  Co..  96  Liberty  St.,  N. 
Y.  C. 


ported  in  1-yd.  Haines  shear  gate 
buckets  on  flat  cars,  lifted  from  the 
flat  cars  by  the  70-ton  McMyler-In- 
terstate  crane  and  dumped  into  the 
forms.  A  few  of  the  blocks  above 
the  revetment  were  placed  in  this 
same   manner :     a     few     such   blocks 


Fig.  5 — Contractor's  Pi.ant — Concrete 
Mixer,  Storage  Bins,  Etc.,  Built  on 
Inside  Wall  on  Friday  St.  Side,  North 
Side  Reservoir,  Pittsburgh 

were  also  built  from  concrete  mixed 
in  a  %-yd.  mixer  on  top  of  the  em- 
bankment, dumping  directly  into 
forms ;  but  the  major  portion  of  these 
blocks  were  built  from  concrete 
mixed  at  the  central  plant,  conveyed 
in    1-yd.    Koppel   cradle   cars    along 


the  top  of  the  embankment  and 
dumped  into  the  forms. 

On  the  slopes  the  usual  system  of 
pouring  alternate  blocks  was  follow- 
ed, as  shown  in  Fig.  6.  On  the  floors 
the  concrete  was  laid  in  rows  extend- 
ing from  one  side  of  the  basin  to 
the  ojiposite  side,  the  longitudinal 
forms  consisting  of  4-in.  x  6-in. 
stringers,  while  the  transverse  forms 
were  ^-in,  x  4-in.  steel  plates  set 
in  the  stringers  and  the  points  of  the 
preceding  row  of  blocks.  The  con- 
crete was  finished  with  straightedge 
and  wooden  trowels.      (See  Fig.  7.) 

In  a  day  of  1 1  hrs.,  488  yds.  of 
concrete  were  placed  in  floor  blocks 
and  finished.  An  average  of  375 
yds.  per  da.  was  maintained  for  a 
period  of  4  wks. 

For  its  magnitude,  it  is  claimed 
that  this  was  one  of  the  fastest  jobs 
of  concrete  lining  in  the  U.  S.  This 
was  made  possible  largely  through 
unusually  favorably  weather  condi- 
tions, the  number  of  rainy  days  on 
which  operations  could  not  be  car- 
ried on  being  very  small. 

Concrete  for  the  main  gate  house 
foundation  was  poured  in  two  hori- 
zontal sections  and  five  vertical  sec- 
tions. The  main  drain  and  the  egg- 
shaped  drain  along  the  roadway  were 
both  poured  in  two  sections,  except 
where  the  main  drain  was  reinforced, 
near  the  gate  house.  Concrete  in 
these  drains  was  mostly  hand-mixed. 
The  greater  part  of  this  work  was 
done  in  cold  weather,  making  it 
necessary  to  heat  the  materials  and 
maintain  fires  in  the  trenches. 

The  base  of  the  reinforced  con- 
crete retaining  wall  was  constructed 
in  8-ft.   sections  because  of  the  in- 
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Fio.  6 — PorHiNG  Block  Alternately  on  the  Six)pes  of  the  North  Side  Reservoib, 
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Fig.  7 — Coxcreti:-.g  Floor  Slabs,  North   Side   Reservoir,  Pittsburgh 


terference  of  the  bracing  that  held 
the  roadway  in  place ;  the  wall  proper 
was  built  in  48-ft.  sections. 

The  dividing  wall  and  conduit  was 
built  in  58-ft.  6-in.  sections,  the  legs, 
the  conduit  floor  and  the  sides  with 
the  surmounting  wall  being  built  at 
separate  pourings.  As  it  was  practi- 
cally impossible  to  work  the  con- 
crete in  the  forms,  two  air  hammers 
were  kept  constantly  but  gently 
hammering  the  forms  during  the 
pouring,  resulting  in  a  thoroughly 
compacted  concrete  of  smooth  finish. 

WATERPROOFING 

One  of  the  most  interesting  points 
discovered  in  the  course  of  the  con- 
struction work  was  in  relation  to  the 
waterproofing.  Three  plies  of  sat- 
urated burlap  were  mopped  on  with 
hot  asphalt.  The  specifications  said 
"all  surfaces  receiving  waterproof- 
ing shall  be  clean,  dry  and  smooth." 
The  word  "dry"  in  relation  to  setting 
concrete  was  subject  to  the  decision 
of  the  inspectors  and  naturally  was 
an  open  point  for  argument,  as  in 
order  to  keep  the  work  moving,  the 
contractors  desired  to  lay  the  water- 
proofing as  soon  as  possible,  while  the 
inspectors  held  out  for  strictly  dry 
surfaces.  There  was  an  occasion  to 
remove  one  of  the  top  blocks  and  it 
was  found  that  while  the  layer  of 
waterproofing  which  had  been  mop- 
ped on  to  the  24-hr.  old  concrete  had 
no  adhesion  to  it  at  all,  the  top  block 
which  has  been  poured  wet  on  to  the 
asphalt  could  not  be  separated  from 
it.  Several  experiments  were  then 
made  and  it  was  found  that  the  best 
bond  between  the  asphalt  and  con- 
crete was  obtained  when  the  asphalt 
was  mopped  on  as  soon  as  the  con- 
crete had  set  So  that  it  could  be  walk- 
ed on  without  injury.  The  theory 
advanced  is  that  as  soon  as  concrete 
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starts  to  set,  it  starts  to  "dust"  and 
that  applying  the  asphalt  practically 
before  this  starts  avoids  the  thin 
layer  of  dust  which  it  is  impossible  to 
remove  and  which  prevents  the  close 
adhesion  of  asphalt  to  concrete. 

The  asphalt  was  heated  to  400° 
F.  and  applied  with  ordinary  cotton 
mops.  In  three-ply  waterproofing 
the  burlap  was  lapped  13",  the  width 
of  burlap  being  39"- 

GENERAL    FEATURES 

About  206,000  cu.  yds.  of  concrete 
was  used  in  the  job,  the  unit  cost 
ranging  from  $5.80  for  concrete  in 
the  floors  to  $12  for  the  concrete  in 
conduits  and  drains.  About  23,000 
lin.  ft.  of  concrete  was  used  in 
fences,  curbing,  coping,  etc. 

The  surface  coating  on  the  con- 
crete consists  of  ^A-in.  mortar  (1 
part  cement  to  2  parts  sand), 
troweled  to  a  smooth  surface.  The 
joints  dividing  the  basin  slopes  and 
floors  are  filled  with  asphalt,  ^/le"  i" 
thickness.  The  corners  of  the  reser- 
voir are  curved,  imparting  a  graceful 
appearance  as  shown  in  Fig. 

The  concrete  fence  surmounting 
the  top  of  the  basin  and  built  at  the 
edge  of  the  slope,  adds  an  artistic 
touch  to  the  great  reservoir.  It  is 
32"  high  and  6"  thick.  The  posts 
were  poured  first,  corrugated  paper 
being  used  in  connection  with  the  ex- 
pansion joints. 

PERSONNEL 

The  reservoir  and  appurtenances 
were  designed  by  and  constructed 
under  the  supervision  of  the  Bureau 
of  Water,  which  is  under  the  juris- 
diction of  the  Public  Works  Dept. 
The  work  was  done  by  the  John  F. 
Casey  Co.,  Pittsburgh,  the  contract 
having  been  let  to  it  Julv  l6,  1912, 
for  $683,976. 


Does  Russia  Want  Canadian 
Cement? 

In  olden  days  a  current  charac- 
terization in  the  newspaper  editorial 
offices  was  "important,  if  true."  In 
a  recent  issue  of  the  New  York 
American,  the  following  heading  ap- 
pears: "Russia  Balked  in  Huge 
Canada  Cement  Deal"  and  following 
in  smaller  type  is  a  statement  that 
"Russia  is  trying  to  buy  1,000,000 
bbls.  of  cement  in  Canada,  but  the 
order  cannot  be  filled  because  of  the 
lack  of  ocean  transportation  facili- 
ties." To  those  familiar  with  the 
cement  industry  it  is  difficult  to  see 
why  Russia,  which  possesses  a  great 
number  of  cement  works  of  her  own 
and  large  supplies  of  coal,  cement- 
making  materials  and  labor,  should 
be  seeking  to  buy  cement  in  Canada 
and  even  when  she  could  buy  it,  how 
she  would  transport  it  to  the  front. 
Cement  is  not  a  vest-pocket  commod- 
ity and  freight  is  an  important  fac- 
tor and  by  the  time  1,000,000  bbls. 
of  Canadian  cement  had  been  trans- 
ported across  the  Pacific,  across  the 
Trans-Siberian  Railroad  and  across 
the  continent  of  Europe,  it  would 
seem  that  the  value  of  the  cement 
would  be  very  insignificant  as  com- 
pared with  the  freight  paid.  It  is 
true  that  the  difficulty  of  obtaining 
coal  and  an  insufficiency  of  labor  have 
had  the  eff'ect  of  lessening  the  ce- 
ment production  in  England  as  the 
fuel  is  transported  from  the  north  to 
London  through  the  English  Chan- 
nel, but  there  is  no  interruption  to 
the  manufacture  of  cement  in  France 
and  Russian  works,  as  already  stated, 
have  abundant  home  supplies  and  all 
the  necessities  for  the  production  of 
Portland  cement. 
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Tests  of  Circular  and  Egg-Shaped  Concrete  Sewer 
Pipe  for  the  City  of  Philadelphia' 


By  Albert  T.  Goldbeck" 


The  pipes  were  reinforced  with  shown  in  Fig.  1.  Three  ins.  of  sand 
triangular  mesh  placed  li/4"  from  the  or  concrete  was  used  under  the  pipes 
inner  surface  is  follows:  extending  on  e^ch  side  to  a  Iieight  of 

Used  in  Used  in 

24-in.  X  36-in.  36-in. 

egg-shape  circle 

Number  of  strands,  longitudinal 1  2 

Gauge   of   longitudinal   strands 6  8 

Gauge  of  cross-wires    12%  VIV2 

Sectional  area,  long.  sq.  in 0.087  0.124 

Sectional   area,   cross-wires  sq.   in 0.038  0.124 

Cross-sect,  area,  cross-wires  sq.  in O.llO  0.146 

Wt.   per   100   sq.    ft 50  lbs.  63  lbs. 

Tensile  strength 80,000  lbs.  to  90,000  lbs.  per  sq.  in. 


CURING  PIPES 

After  pouring  in  special  steel 
molds,  the  pipes  were  allowed  to 
harden,  some  of  them  under  atmos- 
pheric conditions,  others  when  sub- 
jected to  a  hot  vapor  bath  continued 
for  a  period  of  about  12  hrs.  The 
application  of  hot  vapor  at  a  tem- 
perature of  about  100°  F.,  acceler- 
ates the  hardening  and  permits  the 
removal  of  the  forms  on  the  day  af- 
ter pouring  without  danger  of  injury 
to  the  pipe  during  the  removal.  It 
thus  permits  the  manufacturer  to 
economize  on  molds.  It  likewise 
enables  him  to  make  pipes  in  freez- 
ing weather.  After  the  molds  were 
stripped  the  green  concrete  was  kept 
damp  by  daily  sprinkling  for  1  wk. 

EXTERNAL    LOADING   TESTS 

Method  of  Bedding. — Two  meth- 
ods of  bedding  the  pipes  were  em- 
ployed, (a)  damp  sand  bedding  and 
(b)  bedding  in  a  concrete  cradle,  as 


'Asst.  Engr.,  Bur.  of  Surv.,  Philadelphia 
'Slightly  condensed  from  a  paper  presented 

before    the    llth    Annual    Convention    of    the 

Am.  Concrete  Inst. 


%  of  the  vertical  diameter.  Where 
a  sand  bedding  was  used,  the  pipe 
was  placed  on  the  layer  of  lightly 
tamped  sand  and  sand  was  heaped 
and  tamped  around  the  sides  to  the 
proper  height.  In  the  case  of  the 
concrete  cradle  bedding,  the  pipe  was 
placed  in  the  soft  concrete  and  it  re- 
mained there  until  tested.  In  some 
cases  the  cradle  was  only  1  da.  old 
when  the  pipe  was  tested,  but  gen- 
erally was  older  than  this. 

The  specifications  under  which  the 
pipes  were  laid  called  for  a  concrete 
cradle  such  as  described,  but  the  sand 
bedding  tests  were  made  in  order  to 
inquire  into  the  necessity  for  the  con- 
crete cradle  construction. 

Method  of  Loading. — The  load 
was  transmitted  to  the  specimen  un- 
der test  through  a  cushion  of  damp- 
ened sand,  contained  in  a  bottomless 
box  resting  on  the  specimen.  The 
box  was  properly  braced  with  tie- 
rods  to  prevent  its  spreading  under 
load.  A  wooden  plunger,  carrying  a 
timber  platform,  rested  on  the  sand, 
and  the  load  was  obtained  by  piling 
bags    of    cement    on    the    platform. 


This  method  was  adopted  in  the  ab- 
sence of  a  testing  machine  of  the  de- 
sired type  and  capacity.  It  was  a 
very  expensive  method,  but  was  quite 
effective.  The  loads  were  applied  at 
the  rate  of  10  bags  (950  lbs.)  in 
about  5  mins.  and  vertical  distortion 
readings  were  taken  after  each  10- 
bag  increment.  Figs.  1  and  2  show 
in  detail  the  method  of  loading. 

Method  of  Measuring  Vertical  Dis- 
tortion.— In  order  to  note  the  elastic 
behavior  of  the  pipes  under  load,  dis- 
tortions of  the  vertical  diameter  and 
in  some  cases  distortions  of  the  hori- 
zontal diameter  were  measured.  This 
was  done  in  two  ways  (1)  by  the  use 
of  an  Ames  dial  reading  to  0.001  in. 
and  (2)  by  the  measurement  of  the 
middle  ordinate  between  two  light 
wooden  battens  sprung  into  place  be- 
tween the  crown  and  the  invert.  A 
very  slight  movement  in  vertical  dis- 
tortion produces  a  comparatively 
large  increase  in  the  middle  ordinate. 
This  device  is  extremely  cheap  and 
convenient  to  attach.  It  is  held  in 
place  entirely  by  the  compression  on 
the  battens.  The  middle  ordinate 
readings  were  taken  on  a  scale  read- 
ing to  0.01  in.  and  were  readily  con- 
verted to  vertical  deflection  by  cali- 
bration. This  device  was  used  mere- 
ly as  an  expedient  during  the  tem- 
porary lack  of  an  Ames  dial.  It, 
however,  is  quite  accurate  and  is 
capable  of  refined  application  in 
other  fields  of  testing  where  deflec- 
tion measurements  must  be  made. 

THE    TESTS 

It  was  the  aim  to  test  a  single  pipe 
of  each  kind  at  the  ages  of  7  das., 
14  das.,  21  das.  and  28  das.,  bedded 
in  sand  and  concrete  and  cured  with 
and  without  steam,  and  this  program 
was  followed  as  completely  as 
weather  and  other  conditions  would 
permit.  The  pipes  were  placed  in 
their  cradle  at  least  1  da.  before  test- 
ing.     Vertical     distortion      readings 
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Pig.  1 Plan  axd  Sectiok  of  Testing  Devices  for  Circular  and  Eoo-Shaped  Reinforced  Concrete  Sewer  Pipe 
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Fig.  2 — ^ilETiroD  of  Loadixg  Circulah  axd  Egg-Shaped 
Reinfouced  Coxcrete  Sewer  Pipe 


were  not  taken  until  the  sand-box  and 
the  loading  platform  were  mounted 
into  place,  and  the  initial  readings 
were  made  under  the  weight  of  sand- 
box and  platform  loading. 

After  each  increment  of  950  lbs., 
distortions  were  read,  and  the  sur- 
face carefully  searched  for  hair- 
cracks. 

CURVES   OF   VERTICAL   DISTORTION 

The   readings   for  vertical  distor- 


tion are  plotted  as  abscissae  in  Figs. 
3,  4,  5  and  6,  and  the  ordinates  are 
the  corresponding  loads  carried  on 
the  test  section  of  pipe,  4'  long.  The 
curves  thus  obtained  indicate  several 
facts  concerning  the  pipes: 

Considering  first  the  unsteamed  pipes, 
it  will  be  seen  that  stiffness  is  gained  with 
age,  and  the  load  under  which  the  first 
hair-cracks  became  visible  likewise  ad- 
vances with  the  age  of  the  pipe.  This  is 
to  be  expected,  and  is  in  agreement  with 


other  tests  on  reinforced  concrete.  Note 
the  great  increase  in  stiffness  resulting 
from  the  use  of  a  concrete  cradle  rather 
than  sand  bedding.  As  an  accompanying 
result,  cracking  occurs  at  a  much  higher 
load  when  a  concrete  cradle  is  used  than 
where  the  pipe  is  merely  bedded  in  sand. 
This  is  true  of  egg-shaped  and  of  circu- 
lar sections,  but  is  particularly  true  of 
the  circular  pipes.  It  was  required  by 
the  city  specications  that  the  pipes  be 
able  to  withstand  an  external  load  of 
1,000  lbs.  per  sq.  ft.  without  showing 
cracks.     This  was   a  reasonable   require- 


FiGS.  3  axd  4 — Curves  Showixg  Tests  of  Unsteamed  and  Steamed  36-in.  Circular  Reinforced  Sewer  Pipe 
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Figs.  5  axd  6-Curves  Showing  Tests  of  Unsteamed  and  Steamed  24-ix.  x  36-ix.  Egg-Shaped  Reinforced  Concrete  Sewer  Pipe 


ment  for  the  conditions  under  which  the 
pipes  were  laid.  It  will  be  noted  that  the 
circular  sections  embedded  in  sand  when 
unsteamed  are  unable  to  pass  the  specifi- 
cations at  6  das.  and  15  das.  and  lie  un- 
comfortably close  to  the  requirements  at 
21  das.  When  a  concrete  cradle  is  used, 
however,  no  difficulty  whatever  is  en- 
countered in  exceeding  the  loading  re- 
quirements. In  constructing  a  sewer  of 
circular  pipes  such  as  these,  with  a  likeli- 
hood of  their  being  subjected  to  a  load 
of  1,000  lbs.  per  sq.  ft.,  a  concrete  cradle, 
extending  in  height  1/4  of  the  diameter  of 
the  pipe  above  the  base  is  recommended  as 
necessary  in  order  to  avoid  cracks. 

As  might  be  expected,  the  egg-shaped 
pipes  were  stifFer  than  the  circular  pipes, 
and  were  not  afforded  so  much  extra  sup- 
port by  the  concrete  base  as  were  the  cir- 
cular pipes.  However,  even  in  the  egg- 
shaped  sections,  the  extra  stiffness  and 
resistance  against  cracking  provided  by 
the  concrete  warrant  its  use. 

A  comparison  of  the  steamed  and  the 
unsteamed  pipes  is  of  interest.  There 
seems  to  be  an  indication  that  the  steam- 
cured  pipes,  that  have  had  their  setting 
accelerated,  are  more  uncertain  in  their 
strength  at  the  later  periods  than  are  the 
pipes  cured  under  normal  conditions. 
The  strength  of  the  normally  cured  pipes 
follows  a  fairly  definite  law  of  increase 
in  stiffness  with  age  The  steam-cured 
pipe-s  on  the  other  hand  are  extremely 
erratic,  some  of  the  older  pipes  exhibiting 
less  stiffness  than  those  of  lesser  age. 
The  steam  method  of  initial  curing  is 
open  to  some  question,  ;ind  if  allowed, 
should  be  very  carefully  controlled  in 
order  not  to  drive  out  the  nioisture  from 
the  concrete  before  the  cement  has  at- 
tained its  set. 

The  behavior  of  the  experimental  pipes 
made  with  blast   furnace  slag  as  coarse 
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aggregate  is  interesting  in  indicating  that 
the  strength  and  stiffness  of  the  pipes  of 
this  material  equaled  or  even  slightly  ex- 
ceeded those  of  pipes  made  with  crushed 
trap. 

HAIR-CRACKS 

It  is  highly  undesirable  to  subject 
a  reinforced  concrete  sewer  pipe  to  a 
load  such  that  hair-cracks  are  likely 
to  form,  because  of  the  danger  of 
corrosion  of  the  reinforcing  metal 
that  must  result.  That  load  which 
causes  a  visible  hair-circle  to  form  is, 
therefore,  to  be  regarded  as  the  ulti- 
mate strength  of  the  pipe,  even 
though  the  load  necessary  to  cause 
actual  collapse  may  be  much  higher. 

On  the  curves,  the  loads  at  which 
cracks  were  first  noticed  are  indicated  by 
arrowheads,  and  the  position  of  the  ar- 
row indicates  the  position  of  the  cracks, 
whether  at  the  bottom,  top  or  sides  of 
the  pipes.  The  pipes  embedded  In  sand 
almost  invariably  failed  by  cracking  at 
the  bottom,  inner  surface  or  invert,  and 
in  the  circular  pipes  a  crack  was  generally 
first  noticed  at  the  top  inner  face.  The 
side  cracks  which  occurred  on  the  outer 
surface  of  the  sand-embedded  pipes  were 
sometimes  noticed  simultaneously  with 
the  top  and  the  bottom  cracks,  and  some- 
times not  until  after  the  top  and  the  bot- 
tom cracks  had  formed. 

When  a  concrete  cradle  is  used,  the 
first  crack  almost  invariably  occurs  at  the 
top,  and  is  sometimes  accompanied  by 
side  cracking  on  the  outside.  Cracks  do 
not  form  at  the  extreme  bottom  when  the 
pipe  is  bedded  in  concrete,  although  un- 
der very  high  loads,  and  after  all  other 
cracks  have  formed  at  the  top  and  sides, 


inside  cracks  will  develop  just  above  the 
level  of  the  concrete  cradle. 

A  very  green  concrete  cradle,  even 
when  not  more  than  1  da.  old,  adds  great- 
ly to  the  strength  of  the  pipe. 

The  order  of  formation  and  the  posi- 
tion of  the  cracks  are  very  comforting, 
particularly  when  a  concrete  cradle  is 
used.  Thus  it  has  been  seen  that  the  in- 
vert remains  intact  even  long  after  the 
pipe  has  been  loaded  sufficiently  to  crack 
it  at  the  crown.  The  sand-bedded  pipes, 
however,  cracked  at  the  invert  under 
quite  a  low  load.  This  is  an  additional 
argument  for  the  use  of  a  concrete 
cradle  rather  than  earth  bedding.  The 
fact  that  cracking  occurs  at  the  top  or 
the  bottom  on  the  inner  surface  before  it 
occurs  at  the  sides  on  the  outer  surface  is 
significant.  It  shows  that  the  steel  is 
correctly  placed  to  provide  for  the  ten- 
sion at  the  dangerous  sections  of  the 
pipe.  Increased  resistance  against  com- 
plete collapse  would  perhaps  be  obtained 
by  shaping  the  steel  to  approach  the  outer 
surface  at  the  sides,  but  collapsing 
strength  is  not  of  much  interest  as  it  is 
well  above  the  load  required  to  produce 
the  first  visible  crack.  The  extra  expense 
which  would  be  involved  in  this  procedure 
is  therefore  not  warranted. 

TESTS    FOR    IMPERMEABILITY    AND    RE- 
SISTANCE   AGAINST    INTERNAL 
PRESSURE 

In  a  sewer  of  the  size  tested,  a  leak- 
age amounting  to  more  than  about 
10,000  gals,  per  mi.  in  24  hrs.  might 
well  be  regarded  as  the  maximum  al- 
lowable limit.  A  reasonably  tight 
sewer  placed  in  the  wettest  soil  at 
a  considerable  depth  should  not  ad- 
mit more  than  this  amount  of  ground 
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water.  Not  only  should  the  sewer 
be  safe  against  excessive  inward 
leakage  but  it  should  likewise  be 
capable  of  resisting  a  possible  inter- 
ior pressure  due  to  flooding  without 
cracking  and  thereby  developing 
large  leaks. 

The  specifications  required,  there- 
fore, that  excessive  leakage  should 
not  occur  under  a  pressure  of  5  lbs. 
per  sq.  in.  and  should  not  crack  nor 
burst  under  a  pressure  of  10  lbs.  per 
sq.  in.  interior  pressure. 

In  order  to  make  the  hydraulic 
test,  two  sections  of  pipe  were  grout- 
ed together  in  the  same  manner  in 
which  they  would  be  treated  in  the 
trench.  Heads  made  of  steel  plates 
were  bolted  to  the  ends  by  means  of 
long  bolts  extending  through  the 
pipe  and  along  the  sides.  Rubber 
carriage  tires  of  the  correct  diameter 
were  used  as  gaskets  to  prevent  leak- 
age at  the  ends.  The  leakage  was 
collected  in  a  tin  drip-pan  and  meas- 
ured. The  grouted  joint  connecting 
the  two  sections  was  about  two  wks. 
old  when  the  first  test  was  made,  and 
the  pipes  were  30  das.  old. 

Table   II — Results   of   Permeability   Test 


Leakage, 

gals,  per  mi. 

per  24  hrs. 

7,920 

13,860 

ll.flOO 

15,840 

10,890 

27,700 

(muddy  water)   13,860 


The  internal  pressure  required  to 
crack  the  pipes  was  25  lbs.  per  sq. 
in. 

A  corresponding  test  made  on  a 
slag  concrete  pipe  showed  a  leakage 
of  5,470  gals,  per  mi.  per  24  hrs., 
and  required  an  internal  pressure  of 
32  lbs.  per  sq.  in.  to  cause  rupture. 
Most  of  this  leakage  occurred  at  the 
grouted  joint. 

The  above  results  for  the  stone 
pipe  are  not  particularly  good.  Con- 
crete as  rich  as  that  used  in  the  man- 
ufacture of  these  pipes  can  be  made 
practically  watertight  against  5  lbs. 
per  sq.  in.  pressure.  Most  of  the 
leakage  occurred  in  the  upper  half 
of  the  pipes  as  molded,  showing 
that  a  difference  in  density  existed 
in  the  concrete,  depending  on  its 
position  in  the  forms.  However,  in 
the  trench,  leaks  such  as  these  due  to 
somewhat  porous  concrete,  and  not 
to  actual  cracks  in  the  concrete, 
would  soon  become  filled  with  silt 
and  no  undue  leakage  should  there- 
after  result. 

CONCLUSONS 

The    following    conclusions    seem 

warranted: 

1.  Reinforced  concrete  pipe,  when 
properly   made  and   properly  cured,  are 
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Duration 

Age 

Pressure 

of  Test 

das. 

lbs. 

hrs. 

30 

5 

1 

31 

5 

l^A 

31 

5 

1 

32 

5 

1 

33 

5 

1 

34 

10 

% 

40 

10 

1    (mi 

Table  I — Results  of  Tests  on  Reinforced  Concrete  Seweb  Pipe  4'  Long 

Pipes  steamed  at  about  100°   F.  for  12  hrs.  before  removal   from  forms. 
24-in.  X  36-in.  Egg-shaped  Pipes 


How 
supported 


^T  -^  ** 


Position    of 
crack 


first 


►'■•CS 


Concrete  cradle 

Concrete  cradle 

Concrete  cradle 

Concrete  cradle 


3 

14 

....22 
28 


Sand  bedding  7 

Sand  bedding  14 

Sand  bedding  21 

Sand  bedding  28 

Concrete    cradle    22 

Concrete    cradle    28 

Concrete   cradle    ....29* 

Sand    bedding    22- 

Sand    bedding    29* 

Sand    bedding    37 


Concrete    cradle    ...  .21 
Concrete   cradle    ....28 

Sand    bedding    7 

Sand    bedding    23 


21,150 
19,250 
16,400 
15,350 
17,350 
14,500 
13,350 

28,300 
24,500 
27,350 
15,000 
13,100 
15,050 


0.029 

0.019 

0.015 

0.031 

0.034 

0.00 

0.028 


14,500 
25,950 
24,950 
17,350 
16,400 
19,250 
19,250 
19,250 


36-in.  Circular  Pipes 
30,250 


0.p43 
0.064 
0.032 
0.026 
0.012 
0.04 


29,250 
30,200 
15,950 
23,550 
20,750 


0.008 

0.08 

0.180 

0.031 

0.051 

0.05 

0.214 

0.262 

0.053 
0.106 
0.037 
0.044 
0.054 
0.11 


Pipes  not  steamed  while  in  forms 
24-in.  X  36-in.  Egg-shaped  Pipe 


Concrete 
Concrete 
Concrete 
Concrete 


.  .14 
.  .21 

.34 


22,150 
21,150 
15,300 
15,450 

18.800 
23,550 
25,450 
28,300 
11,200 
13,100 
15,000 


0.014 
0.011 
0.02 
0.02 


30,300 
28,750 
21,000 
21,150 


36-in.  Circular  Pipes 
20,300 
33,050 
42,550 
30,200 
33,000 
16,900 
19,750 


0.017 
0.015 
0.016 
0.016 
0.028 
0.028 
0.03 


0.038 
0.022 
0.08 
0.106 

0.02 
0.05 
0.08 
0.03 
Est.%" 
0.067 
Abt.  0.16 


cradle 
cradle 
cradle 
cradle 

Sand    bedding    6 

Sand    bedding    15 

Sand    bedding    21 

*Slag  concrete  pipe 

Tests  on  Sand  Used  in  Concrete  Sewer  Pipe 

Strength  tests — Tension,   1 :3  mortar 

Sp.    gravity    2.654 

%   voids    (loose)    42.5 

Wt.  per  cu.  ft.   (loose) 95.7 

7  das.       28  das.       3  mos. 

Bank   sand    199  344  415 

Ottawa    sand    330  460  493 

Ratio     60.3  72.7  84.3 

Compressive   strength    1 :3    Mortar 

7  das.       28  das. 

Bank   sand    850  1,842 

Ottawa'  sand    1,194  2,625 

Ratio     71.1  70.2 

Crushing  Strength  Tests  on  Concrete. 
Cylinders  made  from  concrete  used  in  pipe. 
No. 
1 


No  cracks  observed 
Top 

Top  and  sides 

Top 

Top,  iKittom,  sides 

Top,  bottom,   R.  side 

Top,  bottom,  sides 

Top,  bottom,  sides 

Top 

Top   and  sides 

Top   and   sides 

Top  and  bottom 

Top 

Bottom 


Side  and  top 
Top 
Bottom 
Top 

Top 

Top 

Top 

Top   and   bottom 

Top   and   bottom 

Top 

Top   and   bottom 


.Passing 

Passing 

Passing 

Passing 

Passing 

Passing 

Passing 

Passing 
.Passing  100 

Passing  200 
Silt 


Age  Crushing  Strength. 
82  das.  2,260  Steamed  10  hrs., 


buried  in  ground, 
buried  in  ground, 
buried  in  ground, 
buried   in   ground. 


2  82  das.  3,910  Steamed  10  hrs., 

3  60  das.  2,650  Steamed  11  hrs., 

4  60  das.  2,410  Steamed   11   hrs.. 

'5  55  das.  1,930  Steamed   10  hrs.,  buried   in  ground... 

*6  55  das.  1,700  Steamed   10  hrs.,  buried  in  ground... 

*Nos.  5  and  6  made  of  blast  furnace  aggregate. 

Absorption  Tests  of  Concrete  Used  in  Pipe. 
^c  Absorption  after  48  hrs. 
Stone    concrete  =  4.4% 
Slag  concrete   =   6.1% 


82.7% 
99.3% 
96.2% 
93.9% 
72.0% 
62.8% 
35.5% 
9.6% 
4.1% 

0.5% 
0.0% 


.77  das. 
.77  das. 
.  55  das, 
.55  das. 
.50  dSLS. 
.  50  das. 


very  satisfactory  for  the  construction  of 
sewers. 

2.  The  use  of  a  concrete  cradle  greatly 
increases  the  stiffness  of  the  pipe  and 
raises  the  load  under  which  initial  crack- 
ing takes  place. 

3.  For  sections  of  the  size  tested  and 
for  smaller  sections,  the  placing  of  the 
reinforcing  near  the  inner  face  through- 
out the  entire  circumference  seems  to  be 
justified. 

4.  The  matter  of  curing  should  be 
very  carefully  controlled,  as  much 
stronger  pipes  will  result  if  care  is  taken 
to  keep  them  thoroughly  wet,  preferably 
for  a  period  of  2  wks. 

The  manufacture  of  concrete  pipe  is  a 
process  that  can  be  very  precisely  con- 
trolled and  the  character  of  the  concrete 
produced  should  be  very  much  superior 
to  that  made  in  the  average  concrete  con- 
struction. The  quality  of  the  various  ma- 
terials available  should  be  very  carefully 
investigated  before  use.  Much  can  be 
done  toward  producing  stronger  concrete 
by  the  selection  of  first-class  sand  and 
coarse  aggregate.     But  the  manufacturer 


should  not  stop  at  merely  obtaining  satis- 
factory constituent  materials;  he  should 
go  further.  He  should  find  out  by  very 
simple  density  tests  how  he  should  com- 
bine these  constituent  materials  in  order 
to  obtain  with  them  concrete  of  the  great- 
est density  and  greatest  strength,  for  it 
must  be  emphasized  that  dense  concrete 
is  vitally  necessary  for  concrete  sewer 
construction. 


The  war  is  having  the  effect  of 
raising  the  prices  of  all  sorts-  of  com- 
modities in  Germany  and  cement  is 
not  "backward  in  coming  forward." 
The  last  price  of  the  material  in 
Hamburg  was  $1.55  per  bbl.  of  374 
lbs.  net,  or  two  sacks  of  187  lbs.  net. 
This  is  an  advance  of  nearly  50  cts. 
per  bbl.  and  is  probably  due  to  the 
large  consumption  of  the  material 
for  fortification  and  trench  work. 
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CONCRETE-CEMENT  AGE 


Building  Concrete  Drops  on  Irrigation    Canals   in 
Western  Canada 


By  Robert  S.  Stockton* 


Sept.  19,  1913.  Fig.  3  shows  the 
secondary  "C"  canal  and  concrete 
drop  C-4.  This  drop  has  stop-plank 
ways  and  is  used  to  hold  up  the  wa- 
ter to  a  high  level  when  required. 

DROP  NO.  8-A SECONDARY  "a"  CANAL 

On  the  secondary  "x\"  canal  the 
original  timber  structures  are  being 
gradually     rei:)laced     bj'     permanent 


Some  years  ago  the  Canadian 
Pacific  Ry.  Co.  received  a  grant  of 
3.000;,000  acres  of  land  lying  east  of 
Calgary,  Alta.,  and  north  of  the  Bow 
River.  This  tract  of  land  is  known 
as  the  irrigation  block  and  develop- 
ment was  begun  by  the  construction 
of  an  irrigation  system  for  the  west- 
ern section.  This  work  was  com- 
pleted in  1911  and  is  now  adminis- 
tered by  the  Dept.  of  Natural  Re- 
sources of  the  Canadian  Pacific  Ry. 
Co.,  with  head  offices  at  Calgary.  A 
later  and  larger  development  is  call- 
ed the  eastern  section  of  the  irriga- 
tion block  and  this  has  reached  a 
point  where  lands  are  being  sold  and 
settlement  started. 

CONCRETE    DROPS      ON      WESTERN    SEC- 
TION 

This  article  will  be  confined  to  a 
discussion  of  some  features  of  con- 
crete drop  construction  on  the  west- 
ern section.  The  main  canal  diverts 
water  from  Bow  River  just  east  of 
Calgary  and  discharges  into  Chester- 
mere  Lake  about  17  mi.  east.  From 
this  lake^  which  is  merely  a  small 
reservoir  or  balancing  pool,  three 
large  canals  take  out,  each  covering 
in  the  neighborhood  of  100,000  acres 
of  irrigable  land.  About  1,600  mi. 
of  ditches  and  canals  make  up  the  ir- 
rigation system  which  is  designed  to 
deliver  water  to  each  quarter-section 
of  land  containing  an  irrigable  area. 
The  old  timber  headworks  have  re- 
cently been  replaced  by  an  up  to 
date,  reinforced  concrete  structure, 
and  a  concrete  weir  has  been  built 
across  Bow  River.  The  weir  is  de- 
signed to  pass  the  river  floods  with- 
out backing  water  in  the  City  of 
Calgary  and  has  two  sections ;  one 
555'  long  with  piers  every  20'  that 
can  be  closed  at  low  water  periods  by 
stop-logs,  and  a  section  150'  long, 
wliich  can  be  opened  and  closed  by  an 
hydraulically  ojierated  steel  sector. 
The  canal  gates  and  the  stop-logs  are 
moved  by  electric  motors  and  a  10-ft. 
depth  of  water  can  be  diverted  into 
the  main  canal. 

The  first  structures  were  of  timber 
and  the  oldest  are  about  10  yrs.  old; 
these  are  mostly  on  the  secondary 
"A"  canal  system.  Later  the  sec- 
ondary  "B"   system   was   built,   and 


'Can.  Pac.  Ry.  Co..  Dept.  of  Nat.  Resources, 
Strathinore,  Alta.,  Can. 
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Fig.  1— Drop  No.  C-3  Secondary  "C"  Caxal,  Westerx  Section',  Caxadiax  Pacific 
Ry.  Co.,  Irrigation'  Block  Near  Calgary,  Alta. 

Fig.  2 — Showing  West  Branch  Secondary  "C"  Canal,  Gates  and  Drop,  Western 
Section,  Near  Calgary,  Alta. 

Fig.  3 — Secondary  "C"   Canal  and   Hold-Up   Drop   C-4,   Western    Section,   Near 
Calgary,  Alta. 


last  the  secondary  "C"  canal  and  dis- 
tributory  ditches.  The  secondary 
"C"  system  was  built  in  the  first 
j:)lace  with  concrete  drops  and  gate 
structures  of  a  substantial  and  per- 
manent type. 

DROPS  ON  secondary  "c"  CANAL 

Fig.  1  shows  Drop  C-3  passing  283 
cu.  ft.  of  water  per  sec,  the  normal 
discharge  for  which  this  canal  is  de- 
signed being  about  1 ,000  cu.  ft.  per 
sec.  Fig.  2  shows  the  concrete  divi- 
sion gates  and  drop  for  East  and 
West   Branch   secondary   "C"  canal. 


type  concrete  structures.  A  good  il- 
lustration is  furnished  in  the  case  of 
Drop  No.  8A  on  the  secondary  "A" 
canal  near  Strathmore,  Alta.  (shown 
in  Fig.  4),  which  was  rebuilt  in  1914. 
July  22,  1914,  a  construction  crew 
was  moved  into  camp  near  the  old 
timber  drop,  one  view  of  which  is 
shown  in  Fig.  4.  The  new,  rein- 
forced concrete  structure  is  of  the 
notch-drop  type  and  designed  to 
pass  600  cu.  ft.  of  water  per  sec, 
with  a  fall  of  15'. 

In    order   to    avoid   work    in    cold 
weather  a  by-pass  was  excavated  ter- 
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Fig.   4^Deop   8-A   Secondary   "A"   Canal   Before*  Reconstruction   Was    Started. 
Strathjiore,  Alta.,  May  be  Seen  in  the  Distance  Across  Deacon  Lake 
Fig.  5 — By-^ ass  Around  Drop  8A  Secondary  "A"  Canal,  Strathmore  District 
Fig.  6^ — ^Riprap  and  Drop  8-A  Nearing  Completion,  Secondary  "A"  Canal,  Strath- 
more District 


Fig.    7 — Concrete  Work  and   Backfill   Being  Puddled  in   Place,  Drop   S-A   Sec- 
ondary Canal,  Strathmore  District 

Fig.  8 — Drop  8-A,  Showing  Notches,  Upper  Floor  and  Wing  Walls  as  the  For:ms 
ARE  Being  Taken  Off 
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Summary  of  Features  Costs — Drop  8A — 

Strathmore    District,  1914 

Cost  per 
cu.  yfl.  of 

Feature  Cost  concrete 

Camp  expenses  and  supplies.!  321.80  $  2.071 
I'rcparatory     work      (by-pass, 

(Iraftinf?,    etc.)     flO.l.ftl       2..'J9« 

Ilauliiis    material    215.1.1       0.831 

Kxcavation   and   backnilin^  at 

drop    02.3. 18       2.4T3 

Removing    old    structure    and 

pumping   drop    317.29       1.259 

Framing     and     placing     form 

work      301.80       1.560 

Removing   form   work 50.75       0.223 

Cutting     and     bending     steel 

and  placing  same   ..., 121.02       0.483 

Mixing    and    placing    concrete  249.70       0.991 

Steel    and    wire    fabric 294.00       1.167 

Cement     970.90       3.853 

Gravel      483.00       1.916 

Nails      15.00       0.054 

Lumber     309.64       1.229 

Coal     20.00       0.079 

Depreciation     350.00       1.389 

Overhead  expenses   500.00       1.984 

16,043.79  $23,983 
Camp  expenses,   supplies   and 

preparatory    work    $1,123.80  4.467 

Excavation   and   backfilling...      623.16  2.473 

Concrete  work   3,444.83  13.670 

Depreciation     350.00  1.389 

Overhead  charges    500.00  1.984 

16.043.79   $23,983 


minating  in  a  timber  and  metal  flume, 
discharging  below  the  old  drop.  The 
diversion  ditch  was  530'  long  and 
supplemented  with  200'  of  flume  to 
drop  the  water  to  the  canal  grade 
and  carried  150  sec. -ft.  of  water. 
A  small  dam  was  placed  in  the 
canal  albove  and  below  the  drop  but 
water  was  not  diverted  until  the  use 
had  fallen  to  an  amount  less  than 
150  cu.  ft.  per  sec,  which  occurred 
Aug.  5. 

The  new  drop  was  located  so  that 
the  breast  wall  of  the  old  structure 
was  in  part  utilized  as  a  back  form 
for  the  breast  wall  of  the  new  drop 
and  this  resulted  in  a  large  saving  in 
excavation. 

July  28  excavation  was  started  and 
Aug.  4  the  work  of  removing  the  old 
timber  structure  was  begun.  The 
timber  drop  contained  4,800  lin. 
ft.  of  sheet  piling  and  52.342  f.  b.  m. 
of  lumber,  besides  a  number  of  round 
piles.  Owing  to  seepage  water,  it 
was  necessary  to  pump  all  the  time 
until  the  old  floor  was  removed  and 
filled  to  grade,  and  the  new  concrete 
floor  was  in  place.  The  placing  of 
forms  began  Aug.  31  and  the  last 
concrete  was  poured  Sept.  25.  The 
removal  of  forms  was  begun  next 
day  and  finished  Oct.  8.  Backfillng 
was  completed  and  the  canal  banks 
riprapped  with  rock  for  a  distance 
of  150'  downstream  and  the  canal 
bottom  was  lined  with  rock  for  a  dis- 
tance of  50'  below  the  drop.  The 
camp  was  pulled  in  Oct.  9- 

Fig.  5  shows  the  by-pass  discharge 
and  the  drop  during  the  process  of 
backfilling  and  removal  of  the  forms 
Sept.  26.  while  Fig.  6  is  a  nearer 
view  of  the  drop  showing  the  charac- 
ter of  the  riprap  work. 

Fig.  7  shows  a  good  view  of  the 
concrete  work  as  backfill  is  being 
puddled  in  place. 

[237] 


CONCRETE-CEMENT  AGE 


Feature 
Drafting  charges 
Moving  Camp    . . . 
Fencing  camp   . . 
Camp   expenses    . 


Labor  Cost — Drop  Ko.  8- A — Strath  more 

Unit 
Quantity  Labor  Cost    Cost 

110.00     

58.17     

3.37     

111.01      


Sundays  and  bad  weather 

Excavation   for   diversion 1,324 

Excavation   for   flume 60 

Erecting  flume  and  crib  work.       8,086 


Backfilling  flume   

Hauling  lumber  for  flume. 
Hauling  metal  for  flume. . 
Hauling  rock  to  riprap  flume. 


82 
8,086 
1,530 
3 


Removing    flume    8,086 

Hauling    material    for    tempo- 
rary   bridge    2,477 

Erecting  bridge 2,477 

Building  dams  across  canal ...  71 
Remove     dams     and     refilling 

gaps  in  bank    216 

Cribbing   below   drop 


cu.  yds. 
cu.  yds. 
f.  b.  m. 

cu.  yds. 
f.  b.  m. 
sq.  ft. 
cu.  yds. 
f.  b.  m. 


f.  b.  m. 
f.  b.  m. 
cu.  yds. 

cu.  yds. 


349.31  

191.87  0.145 

9.00  0.150 

144.12  17.823    per  M. 


4.50 
9.80 
2.80 
2.80 
23.00 


0.141 

1.212   perM. 

1.830  perM. 

0.933 

2.844   per  M. 


Remarks 

About  8  mi. 
Making  corral 
Hauling   groceries, 
etc.,    and    inciden- 
tal   expenses 

Considerable  rock 
10  cu.yds.  trenching 
Includes    placing    of 
metal   flume 

Haul  2  mi. 
Haul  2  mi. 
Haul  200' 

Includes  removal  of 
metal   flume 


3.96      1.600  per  M.  Haul  2  mi. 
6.75      2.725  per  M. 
22.00       0.309 


860 

20 

1,754 

156 

51,000 


Removing   rock   from   drop....  10     cu.yds. 

Building  cement  shed   

Excavation    for   drop 

Excavation  for  curtain  walls.. 

Refilling    drop    

Filling  below  floor  of  drop.... 

Removing  old  structure 

Pumping  out  water  from  drop  , 
Hauling    material    for    forms, 

etc 

Framing   formwork    

Placing  formwork    

Bracing  face  of  old  drop 

Building  material  for  runways 

Building  runways  

Removing   formwork    

Hauling  steel  to  drop 

Cutting  and   bending  steel 

Placing   steel    

Hauling  gravel   for  concrete.. 
Hauling  cement  for  concrete..  1 
Mixing  and  placing  concrete.. 
Hauling  steam  coal  for  mixer. 


15,294 

5,905 

5,905 

192 

1.666 

1,866 

5,903 

84.04 

84.04 

84.04 

250 

,342.32 

252 

4 


CU.  yds. 
cu.  yds. 
cu.  yds. 
cu.  yds. 
f .  b.  m. 


f .  b.  m. 
sq.  ft. 
sq.  ft. 
f.  b.  m. 
f.  b.  m. 
f.  b.  m. 
sq.  ft. 
cwt. 
cvrt. 
cwt. 
cu.  yds. 
cwt. 
cu.  yds. 
tons 


61.15 
10.58 


9.00 
1.12 

159.50 
9.23 

354.53 
99.90 

207.52 

109.77 

11.20 

223.45 

164.35 

4.00 

2.80 

10.85 

56.75 

2.80 

24.75 

96.87 

144.21 

33.64 

249.70 

1.12 


0.283 


0.900 

0.186 
0.461 
0.202 
0.640 
4.069 


per  M. 


2,118  f.b.m.  placed 
and  59  cu.  yds.  of 
rock 

2    tents   with  floors 
Hand  work 

Sand  hauled  500' 


per  M.  Haul  2  mi. 
0.732 
0.038 

0.028    per  M. 
20.834   perM. 
1.681   perM. 
6.513 

0.009   per  M.  Haul  2  mi. 
0.033 
0.294 
0.115 

0.577   per  M.  Haul  2  mi. 
0.025 
0.991 
0.280    per  M.  Haul  2   mi. 


$3,101.25 
Material  Cost — Drop  8-A — Strathmore  District 

Unit 


Feature  Quantity 

Reinforcing  steel    8,404  lbs. 

Wire  Fabric  500  sq.  ft. 

Cement   357  bbls. 

Gravel     250  cu.  yds. 

Nails  and  spikes 375  lbs. 

Lumber     27,523  f.b.m. 


Cost 
138.66 


Coal 


3  tons 


25.00 

874.65 

96.25 

226.50 

256.50 

619.27 

Total  Cost  Cost 

Remarks 

1,230' — %-in.  rods 

269.00 

0.032 

1,614'— %-in.  rods 
8,062' — %-in.  rods 

25.00 

0.050 

Cost   includes  freight 

970.90 

2.720 

275  bbls.  Exshaw   brand 
82  bbls.  on  hand 

483.00 

1.932 

Irricana  pit 

15.00 

0.04 

309.64 

11.25 

50%    salvage,    cost    in- 
cludes  freight 

20.00 

6.67 

for  concrete  mixer 

$2,092.54 

Total  labor  cost,  including  team  feed $3,101.25 

Total  material    cost    2,092.54 

Depreciation     350.00 

Overhead   charges    500.00 


$6,043.79 


Fig.  8  shows  the  notches,  upper 
floor  and  wing  walls  of  drop  8A,  as 
the  forms  are  being  taken  off. 

The  cost  of  gravel  was  high  as  it 
was  all  shipped  in  by  railroad  and 


hauled  two  mi.  by  wagon.  Some  of 
the  cement  was  old  and  the  gravel 
not  very  clean ;  consequently  a  large 
portion  of  the  concrete  was  mixed 
4  to  1  and  an  average  of  5.Q  sacks  of 


Figs  9 — Drop  10-A  ik  Secondahy  "A"  Caxal 

This  drop  was  built  in  1913  and  is  similar  to  8-.\  except  that  the  fall  is  less 
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cement  were  used  per  cu.  yd.  of  con- 
crete. The  finished  concrete  seems 
to  be  of  excellent  quality. 

A  No.  1  Smith  concrete  mixer 
with  steam  engine,  boiler,  and  side 
loader  was  used  on  this  job  and  gave 
good  satisfaction. 

The  foreman  on  this  work  re- 
ceived $120  per  mo.,  laborers  $2.25 
per  da.  of  10  hrs.,  teamsters  $1.90 
per  da.,  including  Sunday,  and  car- 
penters from  40  cts.  to  50  cts.  per 
hr.  Cost  of  board  was  deducted  at 
the  rate  of  $5.50  per  wk.  Team  feed 
was  charged  at  90  cts.  per  da. 

ITEMIZED  COST  DATA DROP  NO.  8a 

The  accompanying  detailed  cost 
statements  will  show  how  this  work 
was  carried  out. 


A  contemporary  devotes  a  good 
deal  of  attention  in  a  recent  article  to 
the  clever  way  under  which  the  Penn- 
sylvania R.  R.  purchases  its  cement. 
This  corporation,  instead  of  con- 
tracting for  the  construction  of  its 
bridges,  retaining  walls  and  other 
work,  when  it  closes  with  a  contrac- 
tor who  is  to  supply  labor  and  all  ma- 
terials of  construction  excludes  ce- 
ment from  the  materials  the  contrac- 
tor is  to  supply,  and  the  railroad  it- 
self agrees  to  furnish  this  particular 
ingredient.  To  accomplish  this,  it 
purchases  from  10  to  15  different  ce- 
ment mills  located  principally  in  the 
Lehigh  region  between  300,000  bbls. 
and  400,000  bbls.  of  cement  a  year, 
all  subject  to  inspection.  The  mate- 
rial is  all  bought  according  to  the 
specifications  of  the  Am.  Soc.  for 
Test.  Mat.,  is  all  tested  at  the  mills 
in  bins  which  are  sealed  by  the  rail- 
road inspector  and  which  upon  the 
expiration  of  the  test  are  unsealed 
and  shipments  made  therefrom.  The 
effect  of  this  method  of  purchase  has 
been  to  secure  a  cement  of  uniform 
quality  at  all  times  and  further  to 
secure  what  is  not  always  the  case  in 
concrete  construction,  namely,  a  suf- 
fiicent  amount  of  cement  to  the  yard 
of  concrete.  It  makes  a  great  deal 
of  difference  wliose  ox  is  being  gored 
and  it  makes  a  great  deal  of  differ- 
ence who  is  paj'ing  for  the  cement 
used. 


Since  the  great  San  Francisco 
earthquake,  Cal.  has  been  a  little 
shy  of  "big  noise,"  but  now  comes 
along  the  Riverside  Portland  Cement 
Co.,  down  in  the  southern  part  of  the 
state,  which  has  just  created  a  mini- 
ature earthquake  by  using  70  tons 
of  dynamite  in  a  single  blast.  This 
is  described  as  the  biggest  shot  every 
fired  in  Cal. 

'The  T.  L.  Smith  Co.,  Milwaukee 

Maxj,  1915 


Design  and  Construction  of  the  Langwies  Viaduct  —  Chur 
Arosa  R.   R.,   Langwies,   Switzerland 


By  Albert  M.  Wolf,  C.  E/ 


Fig.    1 — The   Langwies   Viaduct,   Chur-Arosa   R.    R.,   Laxgavies,  Switzerland 


Developments  made  in  the  design 
and  construction  of  large  concrete 
arches  in  the  last  decade  have  been 
toward  the  gradual  increase  in  the 
main  dimensions  and  the  use  of  more 
economical  and  hitherto  untried  meth- 
ods of  supporting  formwork.  The 
structure  herein  described  will  there- 
fore be  of  double  interest  on  account 
of  its  gigantic  size  and  the  unique 
t^'pe  of  centering  used  in  its  con- 
struction. This  arch  span,  the  larg- 
est in  existence,  when  one  considers 
the  span  rise  and  the  load  carried,  is 
that  of  the  Langwies  viaduct  of  the 
new  Chur-Arosa  R.  R.,  in  Switzer- 
land. This  arch  has  a  clear  span  of 
314'  1/2'''  a  rise  of  134'  3"  and  a 
crown  height  above  the  valley  of 
about  203'.  The  span  is  about  13' 
shorter  than  that  of  the  Risorgi- 
mento  arch  over  the  Tiber  at  Rome, 
and  5'  shorter  than  that  of  the  Auck- 
land, N.  Z.,  arch,  while  the  rise  ex- 
ceeds that  of  the  former  by  about 
102'  and  the  latter  by  50'.  The 
Monroe  St.  arch  at  Spokane,  Wn., 
with  a  clear  span  of  281'  and  a  rise 
of  113',  is  the  only  structure  with  a 
rise  which  can  be  closely  compared 
with  that  of  this  new  arch.  The 
Langwies  arch  is  designed  for  a  nar- 
row-gauge electric  railway,  while  the 
others   are  for  heavy  highway  load- 


'Princ.    Asst.    Engr.,    Condron    Co., 
Engrs.,  Chicago 
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Struct. 


ing  only.  In  esthetic  design,  it  out- 
ranks by  far  the  others  mentioned 
and  although  not  so  artistic  as  the 
Larimer  Ave.  arch  in  Pittsburgh,  it 
is  an  excellent  example  of  a  plain 
but  graceful  design. 

GENERAL    DESCRIPTION 

The  Chur-Arosa  R.  R.,  a  1-meter 
gauge  electric  railway  now  under 
construction,  was  financed  by  a  com- 
pany interested  in  the  hotel  business 
at  Arosa,  which  has  assumed  large 
proportions  on  account  of  its  promi- 
nence as  a  health  and  winter-sport 
resort.  Until  the  present  time  the 
only  means  of  access  to  Arosa  from 
Chur  has  been  by  means  of  a  very 
narrow,  crooked  and  steep  post-road. 
With  the  increase  in  business  came 
tlie  desire  to  have  a  more  direct  and 
satisfactory  connection  with  the  city 
of  Chur,  and  the  new  railroad  was 
the  result.  The  road  has  a  length  of 
26  kilometers  or  16.15  mi.,  with  a 
rise  of  3.650'  in  an  almost  constant 
6%  grade  and  involved  the  construc- 
tion of  27  large  stone  bridges,  three 
of  steel  and  two  large  reinforced 
concrete  arches,  one  of  282-ft.  span 
and  one  of  330-ft.  span,  as  well  as 
19  tunnels.  On  account  of  its  loca- 
tion in  the  very  mountainous  region 
of  Switzerland,  some  very  heavy 
construction  was  necessary.  From 
Chur  to  Langwies  the  line  runs  along 
the  right  bank  of  the  Plessur  river. 

coy  CRETE-CEMENT  AGE 


At  Langwies  the  line  crosses  to  the 
left  bank  close  to  the  junction  of 
the  Sapiiner  Brook  with  the  Plessur, 
on  a  reinforced  concrete  arch  bridge 
of  unusual  span  across  the  gorge  at 
an  elevation  of  330'  above  sea  level. 
This  bridge  is  known  as  the  Lang- 
wies viaduct. 

The  entire  structure  is  of  rein- 
forced concrete  construction  with  a 
total  length  of  935',  consisting  of  the 
314-ft.  Ill4-in.  arch  span  and  four 
continuous  girder  spans  of  52'  6"  c. 
to  c,  carried  on  high  concrete  bents 
at  each  side  of  the  arch,  and  three  ad- 
ditional girder  spans  at  the  Lang- 
wies end  (left  end  in  Fig.  1).  Two 
of  these  latter  are  of  42-ft.  8-in. 
clear  span  and  one  of  32-ft.  9%-in. 
clear  span.  The  arch  is  composed 
of  two  reinforced  concrete  ribs  with 
fixed  ends,  braced  at  intervals  by 
transverse  struts,  the  over-all  width 
at  the  crown  being  I6'  61/4".  The 
roadway  deck  is  carried  by  continu- 
ous girders  supported  on  reinforced 
columns  spaced  about  29'  6"  o.  c. 
longitudinally,  resting  on  the  arch 
ribs. 

CONDITIONS     AND     LOADINGS     GOVERN- 
ING   DESIGN 

Structures  of  stone  masonry  and 
steel  were  first  considered,  but  the 
lack  of  satisfactory  building  stones 
and  the  difficult  and  rough  roads 
made   the  use   of   stone   masonry   or 
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steel  structure  practically  impossible. 
The  abundance  of  good  sand  and 
gravel  in  natural  deposits  at  the  site 
of  the  bridge  was  responsible  for 
the  selection  of  a  reinforced  concrete 
structure.  The  Swiss  department  of 
railways  at  first  made  strenuous  ob- 
jection to  a  reinforced  concrete 
structure  on  the  ground  that  the  di- 
mensions of  the  bridge  were  too  great 
to  allow  the  safe  use  of  reinforced 
concrete.  This  objection,  however, 
was  overcome  by  the  Zublin  Co., 
Strasburg,  contractor  for  the  struc- 
ture, after  considerable  consultation 
with  the  government  officials,  and 
work  began  on  the  noteworthy  struc- 
ture in  the  summer  of  1912. 

A  long-span  arch  was  of  course  the 
logical    solution   of   the   problem    of 
bridging  the  deep    mountain    gorge 
and  for  economical  reasons,  and  be- 
cause   of    its    greater    resistance    to 
wind  and   strengtli   against  buckling 
as  a  compression  member  considered 
as  a  whole  a  twin  arch  was  used.     On 
account  of  the  very  favorable  founda- 
tion  conditions,   the    main    arch   was 
proportioned  and  designed  as  a  fixed 
arch  in  accordance  with  the  method 
of   the   elastic   theory,  the   tempera- 
ture and  the  rib  shortening  stresses 
being  minimized  by  the  rise  of  the 
arch  ribs.     The  structure  as  design- 
ed   required    no    reinforcement    for 
dead  anl  live  load  stresses,  being  so 
proportioned   as  to  keep  tlie  line  of 
pressure  well  within  the  middle  third 
of    the    ribs.      To    ])rovide    for    such 
tensile  stresses  as  might  arise  due  to 
temperature  changes  and  rib  shorten- 
ing alone  or  combined  with  the  dead 
and  the  live  load  stresses,  steel  rein- 
forcement was  used  in  both  extrados 
and  intrados  of  the  arch  ribs. 


For  the  approach  spans  continuous 
girders  were  decided  upon  because 
the  great  height  of  the  roadway 
above  the  ground  made  a  structure 
free  from  horizontal  thrust  very  de- 
sirable. 

The  structure  being  subjected  to 
great  variations  in  temperature  be- 
cause of  its  altitude  of  4,330'  above 
sea  level  made  special  provision  for 
expansion  necessary.  The  roadway 
deck  was  therefore  divided  by  ex- 
pansion joints  at  the  double  piers 
over  the  arch  abutments,  the  high  in- 
termediate piers  being  sufficiently 
elastic  to  permit  longitudinal  expan- 
sion of  the  deck  without  overstress- 
ing  them. 

The  main  objects  to  be  fulfilled  in 
the  design  and  construction  of  this 
bridge  were:  (1)  To  keep  the  actual 
stresses  as  low  as  possible  and  at 
the  same  time  (2)  to  save  as  much 
material  as  possible.  On  account  of 
the  relatively  small  live  load  as  com- 
pared with  the  dead  load,  these  con- 
ditions could  readily  be  complied 
with  by  the  use  of  an  arch  composed 
of  two  ribs  instead  of  a  solid  barrel 
arch. 

By  designing  the  deck  of  the  ap- 
proach spans  as  a  series  of  continu- 
ous girders  which  transmit  the  wind 
stresses  directly  to  the  end  abut- 
ments, and  to  the  large  double  piers 
over  the  arch  abutments,  tlie  ap- 
proach piers  could  consistently  be 
made  of  light  construction  consisting 
of  two  main  posts  of  reinforced  con- 
crete tied  together  by  struts  of  the 
same  material.  Because  of  the 
stresses  transmitted  by  this  method 
of  design  to  the  double  piers,  it  was 
necessary    to    connect    each    pair    of 


these   posts   with   a    solid  transverse 
wall. 

In  order  to  secure  greater  stabil- 
ity, the  exterior  faces  of  the  arch  ribs 
were  given  a  4%  batter  or  flare  from 
crown  to  the  abutments.  The  inside 
faces  of  the  ribs  were  also  given  a 
21/2%  batter  toward  the  abutment, 
but  not  so  much  as  to  the  outside 
faces,  in  order  to  secure  the  addi- 
tional required  strength  toward  the 
springing  line. 

Live  Loads. — The  live  load  used 
for  the  design  of  the  viaduct  con- 
sisted of  one  train  of  two  electric 
locomotives  each  of  65  tons  maxi- 
mum weight  (locomotives  of  the 
Rhiitische  Bahn)  followed  by  an  un- 
limited number  of  freight  cars. 

For  computing  the  longitudinal 
girders  over  arch  and  approaches 
and  the  roadway  slabs  an  additional 
live  load  was  added  in  accordance 
with  the  formula  (15-1)%,  where  1 
was  the  span  in  meters.  Tempera- 
ture stresses  due  to  a  range  of  27°  F. 
were  considered  in  design,  as  well  as 
shrinkage  stresses  due  to  a  further 
decrease  of  36°  F.  The  allowance 
made  for  traction  or  braking  loads 
was  ^7  of  all  wheel  loads.  A  further 
load  due  to  wind  was  considered  in 
design,  the  allowance  being  20  lbs. 
per  sq.  ft.  for  loaded  structure  and 
30  lbs.  per  sq.  ft.  for  the  structure 
alone,  the  exposed  area  being  con- 
sidered as  follows:  face  of  girders, 
twice  the  area  of  front  face  of  col- 
umns, II/2  times  the  front  face  of 
double  piers,  and  for  trains  a  surface 
10'  high,  pressure  acting  at  6'  6" 
above  the  rail. 

Unit  Stresses. — The  allowable  unit 
stresses  used  in  design  were,  for 
dead  and  most  unfavorable  condition 
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of  live  load,  495  lbs.  per  sq.  in.  (35 
kg.  sq.  cm.)  compression  in  concrete; 
while  for  combined  streses  due  to 
dead  and  live  loads,  shrinkage,  tem- 
perature, traction,  and  wind  stresses 
the  compression  in  concrete  allowed 
was  639  lbs.  per  sq.  in.  and  the  stress 
in  steel  17,040  lbs.  per  sq.  in.  The 
allowable  shear  in  concrete  was  57 
lbs.  per  sq.  in. 


CffOSS-BeAM 
AT  PIBRS- 

One -Half  Cros  s  -Sec  tion 
Main  Approach  Spans. 


The  modulus  of  elasticity^  of  'con- 
crete was  taken  as  2,800,000  lbs.  per 
sq.  in.  and  the  ratio ^Ls/Ec. as  15. 
All  concrete  was  sampled  and  tested 
daily  and  when  poured  as  a  plastic  or 
wet  mass,  was  required  to  have  a 
strength  of  2,556  lbs.  per  sq.  in.  at 
28  das.,  and  3,550  lbs.  per  sq.  in. 
for  dry  mixed  or  slightly  moist  con- 
crete. 

In  the  arches  and  columns  and 
those  parts  of  the  structure  where 
the  stresses  are  mainly  compressive, 
the  stresses  were  computed  by  the 
"Ritter"  method.  For  members  sub- 
jected to  bending  the  compressive 
and  tensile  stresses  were  computed 
by  the  Christophe  method,  due  allow- 
ance being  made  for  the  strength  of 
concrete  in  tension  due  to  bending, 
which  is  in  accordance  with  the  Swiss 
regulations.  The  shearing  stresses 
were  A'ery  carefully  looked  into  and 
wherever  they  exceeded  57  lbs.  per 
sq.  in.  stirrups  were  used  to  take  up 
the  entire  stress.  This  condition 
necessitated  the  use  of  a  great 
amount  of  steel  in  the  shape  of  stir- 
rups. 

Esthetics. — The  appearance  of  the 
entire  structure  is  one  of  extreme 
lightness,  in  spite  of  the  massive 
character  of  the  work.  This  is  due 
to  the  great  height  of  the  arch  and 
the  approaches,  and  the  comparative- 
ly light  construction  used  in  the  road- 
way deck  supports.  The  architec- 
tural treatment  of  all  parts  of  the 
viaduct  is  very  Simple,  the  plain  but 


Fig.  4 — Reixforcemext  of  Deck 

graceful  lines,  the  balance  of  pro- 
portion of  parts,  the  gigantic  size  of 
the  structure  and  the  picturesque  sur- 
roundings in  a  very  rugged  moun- 
tainous country  being  relied  upon  en- 
tirely for  the  artistic  beauty  of  the 
work.  The  ingenious  method  used 
to  preserve  the  symmetry  of  the  main 
structure  is  worthy  of  comment.     At 


SECr/OA/S  SYMMETRICAL  ABOUT  THIS   ^~n 


Cross  Section   or 
Dech  Construction  over 
Arch. 


Cross  Section  near 
Crown    of 
Arch. 


Fig.  3 — Cross-Sectioxs  of  Maix^  Approach  Span's,  Deck  Coxstrlctiox  Over  Arch  axd  Near  Crowx  of  Arch 
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the  Langwies  end,  as  shown  in  Fig. 
1.,  are  three  additional  approach 
spans  (only  two  are  visible)  separat- 
ed from  the  four  main  approach 
spans  b}^  a  heavy  abutment  pier.  This 
fectually  divides  this  approach  into 
two  parts  and  makes  a  much  more 
pleasing  design  than  would  have  been 
obtained  had  this  pier  been  of 
smaller  proportions,  which  would 
have  given  the  structure  an  unbal- 
anced appearance. 

DETAILS  OF  DESIGN 

Arch. — The  main  arch  ribs,  two  in 
number,  have  a  theoretical  span  of 
100  m,  or  328'  1"  and  a  clear  span 
of  314'  111/2"  with  a  theoretical  rise 
of  137'  91/2".  The  ribs  are  2.10  m. 
or  about  7'  deep  and  3'  31/2"  (1  m) 
wide  at  the  crown.  The  depth  of  the 
ribs  is  increased  toward  the  spring- 
ing line  so  as  to  keep  the  line  of 
thrust  within  the  middle  third.  The 
width  of  ribs  is  increased  from  crown 
to  spring  in  accordance  with  the  bat- 
ters previously  given.  Plain  round 
bars  of  medium  steel  placed  near  the 
intrados  and  the  extrados  of  the  ribs 
form  the  reinforcement  which  pro- 
vides for  temperature  and  rib-short- 
ening stresses.  At  intervals  of  about 
1.5'  (measured  horizontally,  and  not 
following  the  line  of  ribs)  the  ribs 
are  tied  together  by  reinforced  con- 
crete struts  with  heav}^  fillets  at  the 
rib  connections  to  give  added  stiff- 
ness. At  the  crown  the  ribs  are 
spaced  9'  III/2"  apart  and  they  ex- 
tened  a  little  above  the  level  of  the 
deck,  thus  preserving  the  outline  of 
the  arch  ribs  very  effectively  (see 
Fig.  1). 

Arch  Abutments. — The  arch  abut- 
ments, consisting  of  two  pyramidal 
blocks  of  plain  concrete,  one  under 
each  rib,  connected  by  reinforced 
slabs  at  bottom  and  front,  are  carried 
down  to  solid  rock,  with  the  bottoms 
stepped  or  serrated  to  aid  stability 
and  prevent  sliding  and  at  the  same 
time  to  follow  closely  the  line  of  rock 
surface.  The  abutment  faces  are 
vertical  while  the  backs  are  sloped  in 
a  line  parallel  to  the  tlirust  line  in  the 
arch  ribs  at  the  springing  line.  The 
left  abutment  (see  Fig.  2)  is  45'  11" 
wide,  while  the  riglit  abutment  is  39' 
4l/>"  wide  only,  the  difference  in 
width  being  due  to  the  difference  in 
character  of  the  foundations  en- 
countered on  the  two  sides  of  the  val- 
ley. 

Arch  Span  Roadway  Deck. — The 
roadway  deck  over  the  arch  span  (see 
Figs.  2  and  3)  is  carried  by  four 
pairs  of  posts,  at  either  side  of  the 
crown,  spaced  29'  6"  centers,  and 
securely  doweled  to  the  arch  ribs. 
These  posts  or  columns  are  of  rein- 
forced concrete  varying  in  width 
from  1'  8"  for  those  near  the  crown 
to  4'   4"   for  those    over    the    abut- 


Fig.  5 — Side  View  of  Girders  for  the  Approach  Spax 

Fig.  6 — Progress  View  of  Viaduct,  Showing  Arch  Centering 


ments.  The  two  intermediate  pairs 
are  tied  together  by  transverse  struts 
as  shown  in  Fig.  2  to  make  the  posts 
act  as  framed  bents.  Over  the  abut- 
ment are  twin  piers,  each  consisting 
of  two  heavily  reinforced  posts  tied 
together  for  their  entire  height  by 
a  solid  reinforced  concrete  wall  in- 
stead of  struts.  These  piers,  which 
are  4'  4"  apart,  are  tied  at  the  bot- 
tom near  where  they  intersect  the 
arch  ribs  and  are  separated  at  the 
top  by  an  expansion  joint.  One  acts 
as  the  end  pier  for  the  roadway  gir- 
ders over  the  arch  and  the  other  as 
the  end  pier  of  the  approach  span. 

The  deck  construction  consists  of 
a  thin  reinforced  concrete  slab  car- 
ried on  cross-beams,  spaced  about  4' 
2"  o.  c,  supported  by  longitudinal 
spandrel  girders  continuous  over  the 
spandrel  columns.  The  girders  are 
rigidly  connected  with  the  arch  ribs 
near  the  crown  and  also  with  the  tall 
piers  over  the  abutments,  which  by 
their  elasticity  provide  for  the  ex- 
pansion of  the  deck.  The  cross- 
beams at  the  spandrel  columns  are  of 
"^reater  depth  than  the  others  to  pro- 
vide extra  lateral  stiffness  since  they 
act  as  part  of  the  framed  bent  form- 
ed by  the  spandrel  columns.  All 
slab  and  girder  connections  to  their 
supports  are  provided  with  haunches 
to  care  for  the  compression  due  to 
continuous  action. 

The  roadway  is  13'  II/2"  wide  be- 
tween railings,  with  a  space  2'  4" 
wide  on  each  side  of  curbs  for  side- 
walks. The  waterproofed  deck  slab 
will  be  covered  with  a  layer  of  sand 
and  then  a  layer  of  crushed  stone  1' 


deep,  ujDon  which  the  track  will  be 
placed. 

Approach  Spans. — The  roadway 
deck  construction  for  approaches, 
including  cross-beams  and  slab,  is  the 
same  as  that  just  described  and  is 
shown  in  detail  in  Fig.  3.  Fig.  4 
shows  the  reinforcement  in  place  for 
the  deck  of  the  approach  spans.  It 
will  be  noted  that  the  longitudinal 
girders  were  concreted  first,  with  re- 
inforcement for  cross-beams  in  place 
and  anchored  into  the  side  girders. 
After  this  the  floor  reinforcement 
was  placed  and  the  concrete  then 
poured.  The  cross-beams  are  rein- 
forced with  bent-up  bars,  stirrups 
and  compression  bars  in  the  top ; 
over  these  the  slab  steel  is  bent  up 
from  the  bottom  of  the  slab  to  form 
negative  reinforcement. 

The  main  girders  of  the  approach 
spans  are  of  much  longer  span  than 
those  over  the  arch,  viz :  52'  6"  c.  to 
c.  or  48'  2"  clear  span,  and  conse- 
quently of  greater  depth  and  width, 
the  latter  being  1'  8"  as  against  1' 
4"  for  those  over  the  arch.  These 
girders  are  designed  as  continuous 
beams  with  a  variable  amount  of  in- 
ertia, with  rigidly  fixed  ends  at  the 
cellular  abutments  and  elastically 
framed  into  the  intermediate  piers 
and  the  double  piers  over  abutments. 
The  ends  of  girders  are  curved  to  a 
radius  of  19'  8"  for  a  portion  ICV  5" 
out  from  the  center  lines  of  columns 
or  piers  with  a  tangent  portion  19' 
8"  long,  between.  This  gives  them  a 
very  pleasing  appearance  as  well  as 
adding  greatly  to  their  strength.  Fig. 
5   shows   two   of  the   completed   ap- 
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proach  girder  spans  and  centering  in 
place  for  two  others. 

The  approach  piers  each  consist  of 
two  posts  4'  4"  wide  with  battered 
faces,  resting  on  stepped  footings 
carried  down  to  rock.  The  posts  or 
columns  of  the  higher  piers  are  tied 
together  at  intervals  by  cross-struts 
with  heavy  fillets  at  the  ends.  The 
columns  of  the  approach  piers  and 
the  double  piers  over  the  abutments 
are  carried  up  above  the  deck  as  pro- 
jecting pilasters,  thereby  defining 
more  clearly  the  approaches  from  the 
main  arch  construction. 

The  three  additional  approach 
spans  at  the  Langwies  end  are  not 
shown  in  Fig.  2 ;  their  construction, 
however,  is  the  same  as  that  of  the 
other  spans  but  they  are  designed  to 
act  independently  of  the  others,  be- 
ing separated  by  a  wide  abutment 
pier. 

CONSTRUCTION 

General.  —  General  construction 
work  was  started  in  Aug.,  1912.  The 
arch  centering  was  started  in  the 
spring  of  ipiS  and  completed  about 
the  middle  of  Oct.  and  the  approach 
spans  at  the  Langwies  end  were  prac- 
tically complete  at  this  time.  Fig.  6 
shows  the  viaduct  as  it  appeared  af- 
ter stopping  work  for  the  winter  in 
Nov.,  1913.  The  approaches  at  the 
Arosa  end  were  not  so  far  advanced, 
little  more  than  the  foundation  work 
being  completed. 

On  account  of  the  early  and  severe 
winter  prevailing  in  the  mountains 
until  the  end  of  Mar.,  work  was  sus- 
pended during  the  winter  and  the 
bridge  was  completed  July,  1914. 
and  opened  for  traffic  in  the  fall  of 
1914,  when  the  new  Chur- Arosa  rail- 
road opened. 

Foundations.  —  Excavations  for 
foundations  were  carried  down  to 
solid  rock  through  the  moraine  and 
drift  formations.  The  necessity  of 
penetrating  the  moraine  deposit 
caused  considerable  delay  in  the  con- 
struction on  account  of  the  extra 
depth  of  excavation  required  at  one 
abutment  in  order  to  obtain  the  de- 
sired solid  rock  foundation. 

Centering  and  Falservork. — The 
viaduct  itself  is  a  notable  structure, 
but  to  many  the  unique  type  of  cen- 
tering used  for  the  construction  of 
the  main  arch  ribs  will  be  of  more 
interest  particularly  on  account  of 
the  fact  that  reinforced  concrete  was 
used  as  a  part  of  the  falsework. 
Concrete  has  been  put  to  many  uses 
in  this  country,  but  there  are  no  rec- 
ords of  its  use  in  this  connection,  that 
of  a  temporary  construction;  conse- 
quently there  is  much  of  interest  to 
be  found  in  the  details  of  this  work. 

This  centering  consists  of  a  cen- 
tral fan-like  wooden  falsework  of 
radial  ribs,  securely  braced  both  diag- 
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onally  and  horizontally,  supported 
on  a  reinforced  concrete  tower  con- 
sisting of  four  bents  connected  by 
rigid  framing,  and  two  single  rein- 
forced concrete  bents,  one  near  each 
abutment,  supporting  wooden  false- 
work in  the  shape  of  a  half-fan  witli 
ribs  radiating  toward  the  abutments. 
The  wooden  falsework  consists  main- 
ly of  round  and  half-round  unhewn 
timber  which  was  on  the  site  in  good 
quality,  long  lengths  and  obtainable 
at  low  prices.  The  reinforced  con- 
crete towers  supporting  the  wooden 
falsework  were  designed  as  latticed 
bents. 

The  following  considerations  led  to 
their  adoption  for  the  lower  part  of 
the  centering: 

(1)  On  account  of  the  great  danger  of 
flood  to  which  the  location  is  subject  dur- 
ing the  melting  of  the  snow,  situated  as  it 
is  at  the  juncture  of  two  rapid  streams 
which  often  carry  enormous  quantities  of 
water  and  solid  matter  (driftwood, 
boulders,  etc.),  it  was  necessary  to  restrict 
the  waterway  as  little  as  possible.  For 
this  reason  it  was  impossible  to  use  ver- 
tical bents  for  the  falsework  and  the 
tower  system  had  to  be  used.  "Wooden 
towers  would  not  have  been  so  safe  as 
the  adopted  concrete  towers  and  would 
bave  considerably  more  reduced  the  wa- 
terway. 

(2)  Even  if  wooden  towers  had  been 
used  to  support  the  centering,  the  founda- 
tions would  necessarily  have  had  to  be 
of  concrete,  as  to  drive  piles  through  the 
moraine  deposits  of  gravel  and  large 
boulders   was  absolutely  impossible. 

(3)  It' was  desired  to  reduce  the  ver- 
tical deformation  (compression)  of  the 
centering  to  a  minimum  during  pouring 
of  the  arch  ring.  This  could  be  obtained 
much  better  by  the  use  of  reinforced  con- 
crete towers  than  Ijy  using  wooden  towers. 

That  the  adopted  design  was  a 
success  in  this  particular  is  witnessed 
by  the  fact  that  after  the  arch  ribs 
were  completed  a  total  settlement  of 
a  trifle  less  than  20  mm.  (%")  was 
observed  in  the  centering. 

DETAILS   OF  ARCH   CENTERING 

Central  Torver. — The  central  jjor- 
tion  of  the  arch  centering  is  carried 
on  a  three-story  tower  consisting  of 
four  reinforced  concrete  bents.  These 
bents,  77'  high  and  6O'  8"  wide,  are 
tied  together  at  all  intersections  of 
the  lattice  framing  of  each  bent,  by 
horizontal  struts  of  reinforced  con- 
crete, and  rest  on  footings  of  con- , 
Crete.  The  two  middle  concrete  bents 
are  spaced  about  20'  apart  while  the 
distance  between  these  and  the  other 
bents  is  only  about  10'.  The  two  in- 
termediate bents  are  tied  together 
with  diagonal  tension  rods  in  addi- 
tion to  the  horizontal  concrete  struts. 

Each  bent  is  designed  as  a  latticed 
frame  with  the  intermediate  members 
set  on  the  diagonal  so  as  to  shorten  ^ 
the  span  at  the  top  chord  or  sill  and 
transmit  the  load  as  directly  as  pos- 
sible to  the  vertical  members  and 
footings.      The   horizontal   struts    at 


intersection  in  the  plane  of  the  bent 
are  much  lighter  than  the  other  mem- 
bers. In  the  second  story  of  each 
bent,  two  tension  rods  take  up  the 
stresses  produced  in  the  frame  by 
the  outer  diagonals  in  the  upper 
story.  The  details  of  arrangement 
and  the  size  of  the  various  members 
are  shown  in  Fig.  7.  When  one  con- 
siders that  this  massive  tower  is  only 
a  temporary  structure,  the  magni- 
tude of  the  work  is  more  firmly  im- 
pressed on  the  mind.  It  demonstrates 
conclusively  the  remarkable  possi- 
bilities of  reinforced  concrete  as  an 
aid  in  carrying  out  heavy  and  diffi- 
cult construction  work.  Fig.  8,  show- 
ing the  framework  in  place  for  the 
central  concrete  tower,  gives  some 
idea  of  the  size  of  this  temporary 
work. 

The  central  falsework  of  wooden 
timbers  carried  on  the  concrete  tower 
consists  of  two  vertical  bents  at  the 
middle  and  four  inclined  bents  on 
each  side  (See  Fig.  9).  The  two 
vertical  bents  and  the  two  intermedi- 
ate inclined  bents  on  each  side  are 
made  up  of  four  lines  of  struts  paral- 
lel to  a  vertical  plane  passed  through 
the  center  line  of  the  structure  and 
two  inclined  lines  of  wind-bracing 
struts  outside  of  these.  Each  one  of 
these  lines  consists  of  double  rows  of 
round  unhewn  timber  securely  tied 
together  by  horizontal  and  diagonal 
sway  bracing.  The  four  inner  lines 
of  struts  are  so  spaced  in  pairs  as  to 
be  directly  under  the  arch  ribs,  and 
therefore  transmit  practically  all  of 
the  dead  load  to  the  tower.  The  first 
and  the  last  inclined  bent  on  each 
side  are  the  same  as  those  just  des- 
cribed except  that  the  inclined  lines 
of  wind-bracing  are  omitted.  All  of 
these  transverse  bents  are  tied  to- 
gether by  lines  of  longitudinal  brac- 
ing both  horizontal  and  diagonal. 
All  bents  are  composed  of  round  or 
half-round  timbers  and  are  blocked 
up  by  hardwood  wedges  on  the  con- 
crete tower  bents. 

Near  the  top  the  bents  are  tied  to- 
gether by  a  line  of  arched  struts  fol- 
lowing very  closely  the  line  of  arch 
rings.  Above  this  they  branch  out 
into  three  sets  of  struts,  one  extend- 
ing in  the  same  direction  as  the  bent 
and  two  set  diagonally  and  capped 
with  lines  of  saddle  ribs  following 
the  line  of  arch  rib.  thus  forming  a 
truss  construction  to  carry  the  arched 
timber  ribs  upon  which  are  placed 
the  transverse  joints  and  supporting 
the  lagging  and  forms  for  the  arch 
ribs.  Fig.  10  gives  an  excellent  idea 
of  the  transverse  bracing  used  in  the 
falsework.  Each  longitudinal  bent 
of  falsework  was  laid  out  before 
erection  and  framed  complete  on  a 
large  platform  on  the  ground  near 
mid-span  (See  Fig.  7). 

Side    Towers. — The     side     towers 
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near  the  abutments  consist  of  single 
bents'  of  reinforced  concrete  built  in 
a  manner  similar  to  those  of  the  cen- 
tral tower,  as  shown  in  detail  in  Fig. 
7.  The  main  members  of  these  side 
bents  are  much  thicker  than  those  of 
the  central  tower:  viz:  3'  4"  as 
against  1'  8"  (measured  in  a  direc- 
tion transverse  to  the  bent.)  These 
latticed  frames  which  support  one 
vertical  and  two  inclined  bents  of 
timber  falsework  are  tied  to  the  abut- 
ments by  steel  I-beams  to  brace  them 
longitudinally  and  care  for  the  thrust 
caused  by  the  inclined  timber  bents. 
(See  Figs.  7  and  9)-  The  side  bents 
are  tied  to  the  central  falsework 
near  the  top  of  the  former  by  a  con- 
tinuous set  of  horizontal  and  diag- 
onal, longitudinal  timber  bracing. 
The  timbers  of  the  bents  are  blocked 
upon  the  concrete  frame  by  means  of 
hardwood  wedges,  resting  on  short 
blocks  of  concrete  placed  across  the 
top  of  the  concrete  frame,  wliich  is 
widened  at  that  point  to  receive  them. 

Framing  of  the  falsework  over  the 
side  towers  differs  from  that  in  the 
central  portion  in  that  six  lines  of 
struts  or  posts  parallel  to  a  vertical 
plane    passing    through    the    center 


line,  are  used  in  each  bent  instead  of 
four.  The  batter  of  the  inclined 
wind-bracing  struts  is  also  much  less 
on  account  of  the  bent  being  only 
about  40'  wide  instead  of  60'  as  for 
the  central  tower.  The  general  fram- 
ing, however,  is  similar  to  that  above 
the  central  tower  and  is  shown  in 
detail  in  Fig.  7. 

Centering  for  Approaches. — The 
approach  spans  piers  were  built  up 
in  forms  partially  self-supporting,  a 
light  wooden  framing  of  round  tim- 
bers being  built  up  around  the  piers 
to  assist  in  holding  the  top  portion  of 
forms  in  line. 

Forms  for  the  girders  and  deck 
construction  are  carried  on  pairs  of 
steel  trusses  under  each  side  girder, 
with  top  chords  following  very  close- 
ly the  desired  outline  of  the  bottoms 
of  the  girders. 

These  trusses  were  made  somewhat 
shorted  than  the  distance  between 
piers,  and  were  therefore  easily 
raised  in  successive  lifts  by  means  of 
block  and  tackle,  and  with  the  aid  of 
the  light  falsework  around  the 
towers,  to  their  positions  at  the  top 
of  piers  where  they  rest  on  project- 
ing brackets  b'uilt  on  the  tops  of  pier 


columns.  (See  Figs.  9  and  11).  The 
trusses  are  securely  braced  and 
tied  together,  and  designed  to  carry 
the  entire  construction  load  of  the 
span,  including  the  roadway  deck, 
which  was  concreted  at  the  same  time 
as  the  girders.  Fig.  9  shows  the  cen- 
tering trusses  for  the  two  right- 
hand  approach  spans  in  place  and 
the  wooden  forms  for  the  girders  and 
deck  under  construction.  The  trusses 
for  the  other  spans  are  being  raised 
into  position.  The  trusses  were  taken 
down  after  completing  the  approach 
at  the  Langwies  end  of  the  viaduct 
and  used  in  the  construction  of  the 
other  approach. 

Concreting. — Concrete  was  mixed 
at  one  plant  located  at  one  end  of 
the  structure  and  carried  from  the 
mixing  plant  to  the  structure  in  large 
buckets  traveling  on  an  aerial  cable- 
way.  The  bucket  conveyor  was  so 
arranged  as  to  permit  lowering  and 
discharging  at  any  point  on  the  work. 

The  concrete  was  mixed  rather  dry 
and  was  thoroughly  rammed  and 
tamped  after  placing.  Concreting 
was  carried  on  simultaneously  on 
both  arch  ribs,  starting  from  the 
springing  lines  at  both  sides.     After 
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placing  a  section  of  concrete  at  tlie 
springing  line  on  each  side,  work 
was  started  at  the  crown  and  carried 
on  in  both  directions  to  meet  the  side 
sections.  Work  on  these  three  sec- 
tions was  carried  on  continuously  un- 
til predetermined  keywaj^s  were 
reached,  where  the  ribs  were  after- 
ward keyed  together.  The  high  piers 
were  poured  in  sections  of  considera- 
ble height,  the  forms  being  raised 
and  placed  for  another  section  a  few 
days  after  completing  the  previous 
one.  The  construction  views  shown 
give  a  clear  idea  of  how  the  work  was 
carried  on. 

COMMENT 

The  viaduct  was  designed  and 
built  by  Ed.  Ziiblin  &  Co.,  engineers 
and  contractors,  Strasburg,  Ger- 
many. The  writer  is  indebted  to  H. 
Schiirch,  chf.  engr.  of  the  above  com- 
pany for  plans,  photographs  and 
data  used  in  this  article. 


I'lacing  Concrete  at  Panama 

In  the  construction  of  the  north 
entrance  pier  at  Balboa,  which  is 
connected  with  the  north  wall  of  dry 
dock  No.  1,  a  gang  of  men  operat- 
ing a  y2-yd.  Austin  cube  mixer, 
equipped  with  an  elevator  and  mov- 
able chutes,  mixed  and  placed  540 
batches  of  concrete  Mar.  9.  In 
l)]ace,  the  540  batches  measured 
275.5  cu.  yds.  and  this  was  placed  in 
7  hrs.  and  15  min.,  actual  working 
time.  In  the  8  hrs.  work,  there  were 
the  following  delays  :  Broken  chute, 
10  min.;  repairs  to  mixer,  20  min.; 
moving  mixer  ahead,  1 5  min. ;  total 
delays,  45  min. 

The  labor  cost,  including  super- 
vision, was  $39-91,  which  makes  a 
unit  labor  cost  for  mixing  and  plac- 
ing of  $0.1448  per  cu.  yd.  All  the 
material  was  wheeled  in  wheelbar- 
rows from  a  point  about  100'  from 
the  mixer.     The  average  run  per  hr.. 
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actual  working  time,   was   36.33   cu. 
vds. — Canal  Record. 


At  a  meeting  of  the  Executive 
Committee  of  the  Pan-Am.  Rd.  Con- 
gress, held  in  X.  Y.  C,  Apr.  16,  it 
was  definitely  decided  to  hold  the 
Congress  at  Oakland,  Cal.,  the 
week  of  sept.  13.  This  date  was 
fixed  upon,  owing  to  the  advanta- 
geous arrangements  that  could  be 
made  for  halls  for  meeting  places, 
and  also  because  it  was  felt  that  this 
date  would  enable  engineers  who 
would  attend  the  International 
Engrg.  Congress  to  attend  the  Pan- 
Am  Rd.  Congress  as  well.  The 
members  of  the  committee  reported 
good  progress,  and  the  outlook  is 
most  excellent  for  a  great  gathering 
of  road  builders.  The  program  will 
include  speakers  of  national  and  in- 
ternational reputation  as  experts  in 
the  construction,  repair  and  main- 
tenance of  highways.  The  Pan-Am. 
Rd.  Congress  will  be  held  under  the 
joint  auspices  of  the  Am.  Rd.  Bldrs.' 
Assn.  and  the  Am.  Highway  Assn. 


Fig.  8 — Forms  ix  Place  for  Central  Concrete   Tower 


Fig.  11 — View  of  Falsework  Framing  Platform 


Fig.  9 — Completed  Falsework  of  Arch  Span 

Fig.  10 — End  View  of  Arch  Centering,  Showing  Approach  Towers  in  Foreground 
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Splitting  of  Concrete  Sidewalks  Sur- 
rounding Iron  Posts 
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Discussed  By  Carl  H.  Fuller/  Leonard  C.  Wason/  Benjamin  A.  Howes/ 

C.  J.  Case*  and  C.  J.  Bennett^ 


"1.  What  causes  the  splitting  of 
concrete  sidewalks  surrounding  iron 
street  name-posts,  fire  hydrants  and 
trolley  posts  of  street  railways? 

"2.  Is  it  possible  for  corroded 
metal  to  continue  the  destruction  of 
the  concrete  after  the  cracks  are 
once  started? 

"3.  What  remedy  would  you  sug- 
gest to  prevent  the  bursting  action 
that  results  from  embedding  iron  or 
steel  objects  in  concrete  or  passing 
them  through  it?" 

By  Mr.  Fuller 
It  is  not  an  uncommon  sight  to  see 
long  stretclies  of  concrete  sidewalk 
disfigured  by  being  badly  split, 
checked  and  broken  or  curbing  push- 
ed out  of  line  where  the  slab  sur- 
rounds and  comes  in  contact  with 
trolley  poles,  public  service  poles, 
fire  hydrants  and  such  obstructions, 
which  extend  through  the  sidewalk 
to  various  depths  in  the  soil  below. 
A  little  careful  consideration  of  the 
subject  will  show  these  defects  to  be 
largely  the  result  of  carelessness  and 
incompetence  on  the  part  of  the  me- 
chanic who  does  the  work  and  to 
ignorance  or  indifference  on  the  part 
of  those  supervising  the  work;  nor 
should  the  contractor  be  blamed  for 
not  taking  the  necessary  precautions 
under  the  present  methods  of  compe- 
tition, when  the  city  or  the  owner  is 
willing  to  risk  such  possible  disfig- 
urement in  order  to  effect  a  very 
small  saving  in  first  cost. 

"Cons.  Engr.,   716   N.   East  St.,   Indianapolis 
^Pres.  and  Mgr.,  Aberthaw  Constr.  Co.,  Bos- 
ton 
sEngr.  and  Contr.,  N.  Y.  C. 
«Contr.   and    Bldr..   Troy,    Pa. 
"State  Highway  Coinmr.,  Hartford,  Conn. 


The  writer  has  long  been  an  advo- 
cate of  3'  or  more  of  street  lawn  be- 
tween the  curbing  and  the  edge  of 
the  sidewalk,  which  not  only  pro- 
vides sufficient  space  for  these  in- 
evitable obstructions,  where  they  will 
do  the  minimum  of  damage,  but  af- 
fords an  opportunity  to  beautify  the 
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Sketch    Showing    Coxcrete    Sidewalk 
Surrounding  Trolley  Pole 
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street  by  planting  trees.  However, 
there  are  many  places  in  every  town, 
where  the  sidewalks,  of  necessity, 
extend  from  the  curb  to  the  build- 
ing and  in  such  locations  the  appli- 
cation of  a  little  common  sense  and 
some  slight  additional  expense,  infin- 
itesimal when  compared  with  the  re- 
sults obtained,  will  eliminate  %o  of 
such  unsightly  defects,  if  applied 
when  the  sidewalk  is  laid  or  when 
holes  are  cut  in  old  sidewalks  for 
new  poles. 

The  causes  of  the  trouble  differ, 
depending  on  the  object  set  through 
the  walk  and  the  purpose  for  which 
it  is  put  there,  but  the  resulting  ef- 
fect, the  destruction  of  the  walk,  is 
the  same  in  any  case  and  the  remedy, 
described  later,  is  simple. 

Usually  the  street  railway  com- 
))any's  trolley  poles  are  the  most 
destructive  of  all  of  these  obstruc- 
tions and  the  reason  is  not  far  to 
seek,  if  we  take  our  attention  from 
the  sidewalk  itself,  for  a  few  mo- 
ments, and  consider  their  purposes 
and  methods  of  erection.  Usually 
tliese  are  of  wood,  generally  un- 
treated (which  is  immaterial,  any 
way)  and  therefore  subject  to  con- 
siderable shrinkage  or  expansion  ow- 
ing to  atmospheric  changes.  One 
who  has  not  given  the  subject  much 
thought  may  object  that  a  wood  pole 
alternately  dry  or  saturated  by  rain 
would  not  swell  sufficiently  to  check 
and  break  the  surrounding  slab  of 
concrete.  As  evidence  to  the  con- 
trary, one  of  the  methods  of  quarry- 
ing fine  building  stone  is  to  drill  a 
row  of  holes  along  the  desired  line  of 
cleavage,  sometimes  several  feet  in 
depth,  plug  them  with  kiln-dried 
wood  plugs,  then  saturate  these 
plugs  with  water.  This  process  will 
split  huge  slabs  of  the  hardest  gran- 
ite, so  what  chance  has  the  poor,  thin 
little  slab  of  concrete,  against  the 
destructive  force  generated  hy  a 
swelling  pole? 

There    is    another    factor    of   still 
greater  destructive  tendency,  regard- 
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less  of  -whether  the  pole  be  of  iron 
or  of  wood,  and  that  is  the  enormous 
strains  induced  by  what  the  street 
railway  man  calls  his  overhead  work. 
The  pole-setting  gang  sets  the  pole 
with  a  slight  inclination  away  from 
the  trolley,  sometimes  as  much  as 
3'  from  the  perpendicular  at  the  top, 
as  shown  in  the  accompanying  illus- 
tration. The  trolley  or  line  crew 
then  connects  these  poles  together  in 
pairs,  by  a  %g-in.  or  a  ^g-in. 
stranded  wire  cable  some  18'  or  22' 
from  the  ground,  and  by  means  of 
tackle  strains  these  poles  into  a 
plumb  position.  On  high-class  work 
the  pole  man  frequently  fills  the  hole 
in  which  the  pole  is  set  with  a  low 
grade  concrete,  to  give  it  greater 
stability  and  a  %e-in.  span  wire 
cable  at  the  top  is  capable  of  produc- 
ing a  7,000-lb.  pull,  which,  if  the 
pole  is  capable  of  withstanding  such 
a  strain,  induces  a  permanent  set  or 
spring  in  the  pole  with  a  possible 
strain  or  reaction  at  the  point  at  which 
it  passes  through  the  sidewalk  up  to 
125,000  lbs.  The  line  foreman 
counts  on  this  resiliency  of  his  poles 
to  take  up  the  slack  in  the  overhead 
incurred  by  the  expansion  and  the 
contraction  of  the  connecting  wires. 
Between  the  cool  of  midnight  and  the 
heat  of  noon  time,  the  tops  of  a  pair 
of  trolley  poles  will  vary  1'  or  miore 
in  relation  to  each  other,  and  this 
movement  to  a  lesser  degree  but 
greatly  multiplied  in  stress  effect  is 
communicated  to  the  surrounding  slab 
of  sidewalk  which  is  absorbing  a 
shock  it  was  never  intended  to  carry 
and  being  of  a  comparatively  un- 
yielding composition,  breaks  away  at 
the  point  of  contact. 

Telephone  and  telegraph  poles, 
though  stressed  in  a  different  man- 
ner and  more  uniformly  along  their 
center  line,  affect  the  sidewalk  in  a 
lesser  degree,  but  anyone  who  has 
seen  a  thoroughly  sound  new  pole 
some  12"  to  20''  in  diameter,  sheared 
off  clean  at  the  sidewalk  line,  from 
the  stressing  of  numerous  overhead 
wires  will  readily  appreciate  the 
enormity  of  these  strains  which  must 
produce  a  resultant  in  the  sidewalk 
or  the  foundations  below  it. 

Sometimes  these  strains  are  of  a 
torsional  or  twisting  nature  and  the 
writer  has  seen  one  case  in  which  the 
twisting  power  of  the  overhead  wir- 
ing applied  at  the  top  of  a  60-ft. 
pole  of  20-in.  butt,  was  sufficient  to 
separate  the  fibres  of  the  wood  at  a 
point  within  easy  reach  sufficiently  to 
permit  the  passing  of  an  ordinary 
liand  ax  through  the  hole  without 
severing  a  single  fibre  of  the  wood. 
Where  such  strains  are  produced,  is 
it  any  wonder  that  the  sidewalk  suf- 
fers? 

With  fire  hydrants,  the  strains  are 
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largely  temperature  strains,  but,  be- 
ing connected  to  the  city  mains  by 
unyielding  cast  iron  i)ipe  and  bedded 
in  the  cool  earth  the  rate  of  expan- 
sion differs  from  and  is  not  coinci- 
dent with  the  temperature  variations 
in  the  thin,  flat  and  exposed  sidewalk 
slab  so  that  movement  does  not  neces- 
sarily take  place  in  the  same  direc- 
tion and  so  produces  destructive  re- 
sults. 

There  are  numerous  other  poles  of 
different  types  and  purposes,  set 
through  the  sidewalk,  not  always 
connected  but  all  more  or  less  firmly 
bedded  in  the  underlying  soil.  The 
sidewalk  slab  is  bound  to  move  as  it 
expands  under  the  rays  of  the  sun 
and  as  all  of  these  obstructions  are 
opposed  to  the  normal  movement  of 
the  slab  they  are  destructive  in  their 
inflence. 

As  a  remedy,  when  building  new 
sidewalks  around  such  obstructions, 
the  writer  usually  specifies  that  a 
space  of  approximately  3"  be  left 
clear  of  concrete  around  them,  giv- 
ing them  an  opportunity  to  perform 
the  functions  imposed  by  saturation, 
overhead  strains  or  expansion,  with- 
out injury  to  the  walk.  This  may  be 
readily  effected  by  wrapping  several 
thicknesses  of  Carey  Elastite'  (ma- 
terial is  ^"  thick)  or  other  expan- 
sion filler  around  each  pole  before 
concreting,  or  a  circle  of  tin,  leaving 
the  desired  clearance,  may  be  bent 
around  the  pole  to  make  a  form 
against  which  to  finish  the  concrete. 
If  the  latter  is  used,  care  should  be 
taken  to  fill  the  space  between  the 
tin  and  the  pole  with  clay,  sand  or 
pitch  to  prevent  a  careless  workman 
from  defeating  the  object  of  such 
precautions  by  disposing  of  surplus 
cement  in  the  interstice.  When  it  is 
desired  to  j^revent  the  water  from 
entering  between  the  slab  and  the 
pole,  a  soft  pitch  makes  a  good  in- 
sulating material  as  it  readily  accom- 
modates itself  to  any  movement  of 
the  pole  or  the  sidewalk. 

Where  a  hole  is  cut  in  an  old  side- 
walk for  a  new  pole  the  same  precau- 
tions should  be  taken  in  patching 
the  paving  as  outlined  for  new  work. 

Where  poles  have  already  been  set 
and  the  sidewalk  laid  flush  with  pole, 
any  further  development  of  cracks 
and  checks  may  be  prevented  by  chip- 
ping out  a  ring  of  concrete  around 
the  pole  and  filling  the  interstice 
with  pitch. 

It  is  doubtful  that  the  corrosion  of 
metal  embedded  in  the  concrete  has 
any  serious  influence  in  making  such 
checks  and  cracks  in  the  sidewalk. 
It  is  a  fact  that  iron  or  steel  when 
properly  protected  seldom  rusts  ap- 
preciably and  concrete  rich  in  cement 
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forms  a  high-grade  rust  insulation  as 
evidenced  by  tlie  briglit  tool  marks 
found  on  steel  removed  from  con- 
crete in  which  it  has  been  embedded 
for  long  periods.  If  the  iron  poles 
are  insulated  from  the  concrete  as 
described  the  effect  of  corrosion, 
other  than  a  slight  stain,  need  not 
be  feared. 

The  writer  does  not  advocate  such 
insulation  as  a  cure-all  for  defects 
in  sidewalk  work,  but  experience  and 
observation  have  demonstrated  that 
the  results  fully  justify  such  precau- 
tions. It  is  to  be  regretted  that 
owners  and  city  supervisory  forces 
do  not  appreciate  more  fully  the 
necessity  of  caring  for  expansion  in 
a  less  perfunctory  way  than  is  custo- 
mary. Nearly  every  city  engineer 
has  the  authority  to  insist  on  some 
such  precautions  against  those  un- 
sightly defects,  and  if  he  does  not  in- 
corporate some  such  features  in  his 
specifications,  neither  the  contractor 
or  the  owner  at  the  present  stage  of 
the  game  can  be  expected  to  assume 
the  burden  of  such  precautions, 
slight  though  the  cost  may  be. 

By  Mr.  Wason" 

We  have  had  considerable  experi- 
ence with  this  trouble  and  I  think 
that  it  can  be  easily  explained  and 
overcome.  In  addition  to  occurring 
around  posts,  hydrants  and  the  like, 
we  find  it  in  connection  with  area 
gratings,  trap-doors,  or  any  other 
iron  frame  embedded  in  concrete,  and 
it  is  due  to  the  unequal  expansion 
and  to  rapid  changes  of  temperature. 
For  instance,  if  the  sidewalk  has 
been  cold  for  a  long  period  and  then 
there  is  a  sudden  and  considerable 
rise  of  temperature,  the  metal  will 
absorb  heat  and  expand  very  much 
faster  than  the  larger  body  of  con- 
crete. This  produces  stresses  in  the 
uicrete  which  cause  the  cracks.  To 
avoid  this,  a  thin  open  joint  should 
be  left  around  the  post  or  the  hydrant 
or  the  grating  in  the  sidewalk,  to  al- 
low for  this  expansion,  and  further, 
the  concrete  immediately  around 
should  be  reinforced  so  as  td  prevent 
cracking. 

In  regard  to  corroded  metal,  iron 
rust  occupies  a  greater  volume  than 
solid  metal  and  if  rust  forms  its  ex- 
pansive force  will  crack  the  concrete 
and  if  corrosion  still  occurs,  increas- 
ing the  volume,  the  cracks  will  con- 
tinue to  enlarge.  I  have  not  experi- 
enced any  damage  to  the  concrete 
caused  by  the  rust  through  chemical 
action,  but  merely  through  its  physi- 
cal action  of  expansion. 

By  Mr.  Howes 

The  splitting  of  concrete  is  gen- 
erally due  to  expansion  and  contrac- 
tion, to  heat  and  cold,  wetting  and 
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drying,  and  sometimes  to  a  general 
swelling  of  the  mass  during  the  pro- 
gressive crystallization.  I  have 
known  long  sections  of  sidewalk 
gradually  to  creep  down-hill  as  the 
result  of  the  alternating  expansion 
and  contraction.  When  the  section 
expanded  it  would  push  the  forward 
portion  down-hill  and  when  the  sec- 
tion contracted  it  would  draw  the  up- 
hill section  after  it.  It  is  customary 
in  laying  fine  sidewalk  work  such  as 
vault  lights,  to  specify  that  there 
shall  be  an  elastic,  self-sealing  com- 
position in  the  joints,  of  expansion 
width  between  the  slabs,  and  in  per- 
manent constructions  such  as  build- 
ing wall,  curb,  hydrant,  or  posts. 
From  the  description  quoted,  it 
seems  doubtful  to  me  that  the  crack- 
ing and  splitting  can  be  due  to  cor- 
rosion of  metal. 

By  Mr.  Case 

I  am  of  the  opinion  that  this  may 
be  traced  to  one  of  three  things,  viz., 
vibration  of  the  post,  expansion  of 
the  post  from  heat,  or  enlargement 
of  the  post  by  corrosion  through  the 
portion  embedded  in  the  cement.  We 
might  possibly  add  another  cause, 
viz.,  shrinkage  of  the  concrete  in 
hardening.  While  I  have  not  had 
anything  of  this  sort  in  my  experi- 
ence, yet  I  am  of  the  opinion  that  the 
remedy  lies  in  placing  some  flexible 
material  around  the  base  of  the  post 
to  act  as  a  cushion,  such  as  mineral 
pitch,  sand  or  even  heavy  tar-paper. 

As  for  disintegration  following  the 
cracks,  I  am  of  the  opinion  that  ow- 
ing to  water  finding  its  way  into 
them  and  then  freezing,  the  cracked 
portions  will  eventually  be  ruined 
and  require  replacing.  I  find  it 
good  policy  to  provide  expansion 
room  between  concrete  and  any  fixed 
object  such  as  a  telephone  pole,  stone 
walk  or  Telford  in  the  highway.  I 
know  of  some  cases  in  which  a  bridge 
over  open  street  ditches  and  abutting 
Telford  on  street  end  and  stone  walk 
on  yard  end  has  buckled  and  broken 
at  or  near  the  center. 

By  Mr.  Bennett 

The  cause  of  the  splitting  of  side- 
walks would  be  that  the  posts  were 
firmly  embedded  in  the  ground  to  a 
depth  sufficient  to  overcome  the  ac- 
tion of  frost,  while  the  sidewalks 
were  possibly  laid  witliout  regard  to 
frost  action  in  such  a  manner  that 
they  heaved  up  on  this  account. 

Our  practice  here  in  Hartford  has 
been  to  put  in  at  least  3'  of  porous 
material  underneath  the  concrete 
sidewalks  in  order  to  secure  a  per- 
manent surface  for  the  walks. 

The  effect  of  cracking  of  the  con- 
crete to  any  great  distance  around  a 
corroded  post  would  be  very  small. 


Effects  of  Metal-Bearing  Aggregate 
on  Concrete  n  n  n 

Discussed  By  H.  F.  Robinson^    Rapier    R.    CoGHLAN^ 
W.  W.  Berry'  and  W.  J.  Douglas* 


"I  would  appreciate  knowing  the 
experiences  of  others  regarding 
trouble  from  the  use  of  broken  stone 
containing  traces  of  copper,  nickel, 
iron  and  sulphur  when  used  as  an 
aggregate  in  concrete.  In  some  in- 
stances, when  subjected  to  the 
weather,  the  concrete  seems  to  go  all 
to  pieces." 


By   Mr.   Robinson 

No  direct  observations  have  been 
made  by  the  writer  on  the  disintegra- 
tion of  concrete  due  to  the  constitu- 
ents of  the  aggregate  from  the  use  of 
broken  stone  containing  traces  of 
mineral,  which  according  to  the  ex- 
perience of  some,  "goes  all  to  pieces" 
upon  weathering. 

In  one  section  of  the  Hopi  Indian 
reservation  in  northern  Arizona,  all 
of  the  exposed  rock  over  a  large  area 
is  a  sandstone,  quite  soft  and  more  or 
less  impregnated  with  iron,  and  in 
some  cases  containing  nodules  of 
iron.  This  stone  when  used  as  a 
building  material  slowly  disinte- 
grates from  weather  action  and  es- 
pecially if  exposed  to  moisture. 
There  is  no  gravel  in  the  entire  sec- 
tion of  country. 

An  experiment  was  made  in  using 
this  stone  for  tlie  construction  of  a 
number  of  water  tanks.  They  were 
laid  up  in  cement  and  plastered  on 
the  inside  with  a  cement  mortar,  well 
trow^eled.  The  moisture  from  the 
water  in  the  tank  and  the  weathering 
combined  affected  the  stone  to  such 
a  degree  that  at  the  end  of  the  first 
year  most  of  the  tanks  were  worth- 
less for  the  purpose  constructed.  An 
effort  was  then  made  to  use  the  best 
and  hardest  of  this  stone  for  aggre- 
gate in  concrete,  extreme  care  being 
taken  in  the  selection  of  the  aggre- 
gate, in  the  mixing  and  placing.  The 
concrete  tanks  lasted  much  longer 
than  those  of  stone  but  eventually 
they  too  disintegrated  until  prac- 
tically worthless.  Tanks  of  galvan- 
ized steel  have  been  substituted  with 
tlie  best  result. 
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Service,  Albuquerque,  N.  M. 

'Mfg.  Cement  Chemist,  U.  S.  Reclamation 
Service,  Dept.  of  Interior,  Elephant  Butte, 
N.  M. 

'C.  E.  &  Supt.  of  Const.,  War  Dept..  Office 
of  Constructing  Quartermaster,  Fort  Hua- 
chuca,   Ariz. 

^Barclay,  Parsons  &  Klapp,  Cons.  Engrs., 
N.  Y.  C. 


It  is  not  considered  that  the  trace 
of  iron  in  this  sandstone  was  the 
cause  of  the  disintegration  of  this 
stone  or  of  the  concrete  made  from 
it,  or  that  it  had  any  action  whatever, 
but  rather  that  it  was  caused  by  the 
action  of  the  water,  which  carries  a 
trace  of  alkali,  which  was  absorbed 
by  the  porous  stone,  together  with 
some  frost  action.  While  the  win- 
ters are  not  extreme  it  is  believedth^t 
the  frost  action  on  the  wet  stone  was, 
perhaps,  the  main  cause  of  the  lack 
of  success  in  using  this  material. 

It  does  not  seem  that  aggregate 
of  a  hard,  broken  stone,  carrying  a 
trace  of  iron,  copper,  nickel  or  sul- 
phur should  cause  the  disintegration 
of  concrete  of  which  it  is  a  part,  be- 
cause of  this  mineral  content.  If  the 
disintegration  is  caused  by  a  chemi- 
cal action  between  the  cement  and 
the  mineral,  the  same  or  a  similar 
action  should  be  present  in  reinforc- 
ed concrete,  between  the  reinforce- 
ment and  the  cement,  or  in  the  use 
of  cement  plaster  to  cover  structural 
iron  work,  as  is  the  common  practice. 

Before  laying  the  blame  on  the 
trace  of  mineral,  experiment  with  the 
stone  by  exposing  it  to  the  weather, 
dry,  alternate  wet  and  dry,  immersed 
in  water  to  be  constantly  wet,  and  if 
possible,  to  frost  action.  If  there  is 
no  disintegration  due  to  this  treat- 
ment, then  look  for  chemical  action 
in  connection  with  the  cement;  but  it 
is  probable  that  the  "going  all  to 
pieces"  will  be  found  in  the  stone 
itself,  uncombined  with  the  cement. 

By  Mr.  Coghlan 

No  experience  has  been  accumu- 
lated by  the  writer  regarding  the 
subject.  From  a  theoretical  stand- 
point it  would  seem  probable  that 
the  presence  of  copper,  nickel  or  iron 
in  the  metallic  form  might  lead  to  the 
ultimate  disintegration  of  concrete 
if  they  were  present  in  the  aggre- 
gate. Take  metallic  iron  as  a  case. 
It  has  a  molecular  weight  of  56  and 
a  sp.  gr.  of  7.25  to  7.79.  The  change 
through  oxidation  to  FcsOs  with  a 
molecular  weight  of  l60,  and  a  con- 
sequent increase  in  volume  lowers  the 
sp.  gr.  to  an  average  of  5.25.  It 
seems  quite  probable  that  such  a 
change  would  be  sufficient  to  cause 
an  expansion  in  the  concrete  that 
would  disrupt  the  bond  between  the 
cement  and  sand  and  rock.  Or  what 
would    more    likely    occur    would   be 
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the  change  to  the  carbonate  Fe  CO^ 
with  a  molecular  weight  of  116,  and 
sp.  gr.  of  3.8,  an  even  greater  ex- 
pansion. 

The  case  of  the  other  two  metals 
is  analagous.  The  remedy  would 
seem  to  be  in  having  the  concrete 
thoroughly  proportioned  and  as  dense 
as  possible,  so  that  the  entrance  of 
air,  or  gas-laden  water  would  be  re- 
duced to  a  minimum.  With  regard  to 
sulphur,  the  only  possible  effect  is 
the  change  in  the  crystalline  form. 
It  might  change  under  pressure  from 
the  octahedral  form  with  a  sp.  gr.  of 
2.07  to  the  prismatic  form  with  a  sp. 
gr.  of  1.957,  which  indicates  expan- 
sion, with  the  usual  result. 

None  of  the  four  metals  has  any 
direct  effect  on  Portland  cement  as 
such,  the  theoretical  effect  seeming 
probable  being  that  due  to  the  lower- 
ing of  specific  gravities  through 
molecular  changes*. 

By  Mr.  Berry 

Nearly  all  of  the  minerals  contain- 
ing sulphur  are  of  a  medium  hard- 
ness only,  while  some  have  planes  of 
cleavage  along  which  the  stone  is 
easily  broken.  Either  of  these  de- 
fects would  in  themselves  be  cause 
for  their  rejection  as  an  aggregate 
for  good  concrete. 

There  is  another  and  more  import- 
ant reason  when  it  comes  to  rein- 
forced concrete ;  that  is  the  action  of 
sulphur  on  steel  and  the  action  of  one 
metal  against  another  in  the  pres- 
ence of  moisture,  acids  or  alkalies,  or 
the  presence  of  small,  stray  electric 
currents.  No  one  need  be  told  of 
the  result  of  even  a  slight  formation 
of  rust  on  reinforcing  steel  once  it  is 
in  place. 

Then  concrete  is  supposed  to  be 
fireproof,  yet  the  presence  of  a  sul- 
phide would  no  doubt  when  heated 
form  a  gas  that  would  be  serious  in 
case  of  a  hot  fire. 

Some  time  ago  neat  briquettes  were 
made  with  a  2  %  solution  of  sul- 
phuric acid.  In  comparison  with 
briquettes  made  with  water  those 
made  with  the  acid  were  80  lbs.  lower 
in  tensile  strength  in  24  hrs.  and  150 
lbs.  in  9  mos. 

Six  months  ago  a  small  catch-basin 
and  dam,  containing  in  all  not  over 
5  cu.  yds.  of  concrete,  was  erected 
at  Garden  Canyon,  Ariz.  When  the 
concrete  was  nearly  all  in  place  one 
of  the  workmen  called  the  foreman's 
attention  to  a  green  discoloration  of 
the  toools  left  in  the  water  above  the 
dam.  An  experiment  showed  that  a 
shovel  would  inside  of  30  min.  be 
covered  with  a  copper  sulphide  green 
if  left  in  the  water.  This  water  had 
been  used  for  the  concrete  and  the 
sand  and  gravel  had  been  obtained 
from  the  creek  bottom.  It  was  no- 
ticed that  the  concrete  was  very  slow 
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in  setting  but  otherwise  it  is  appar- 
ently normal. 

This  however  would  not  cause  the 
writer  to  put  anything  in  a  perman- 
ent building  but  the  very  best  mate- 
rials. For  there  is  no  use  spending 
money  for  good  cement,  forms,  and 
labor  and  then  running  a  chance 
when  it  comes  to  aggregates. 

By  Mr.  Douglas 

I  have  never  had  any  trouble  with 
the  ingredients  mentioned  above  nor 
do  I  know  of  anyone  who  has.  I 
think  the  reason  for  not  having 
trouble  of  this  kind  is  that  almost 
everyone  is  over  particular,  if  any- 
thing, in  the  selection  of  the  aggre- 
gate and  that  no  one  ever  thinks,  so 


far  as  I  know,  of  using  iron  pyrites 
or  other  ingredients  containing  sul- 
phur. While  I  am  not  a  chemist,  it  is 
obvious  to  me  that  such  constituents 
are  detrimental  and  should  not  be 
permitted  unless  backed  up  by  pre- 
cedent. 

I  have  recentl}'^  received  a  letter 
from  one  of  our  associates  in  South 
America  who  writes  as  follows : 

One  of  the  difficulties  we  are  up 
against  is  the  presence  of  large  quantities 
of  gypsum  in  almost  all  materials.  We 
also  use  certain  quantities  of  mine  rock 
which  contains  copper  sulphate  and  some 
free  sulphate;  the  latter  dissolves  in  the 
wet  concrete  and  if  gypsum  is  present, 
dissolves  it  also.  There  is  not,  however, 
enough  of  this  to  affect  adversely  the 
quality  of  the  concrete. 


Placing  Concrete  Under  Water        □ 

Discussed  By  W.  M.  Kinxey^   C.   W.    J.    Neville*,   Hunlet 

Abbott'  and  E.  B.  Van  de  Greyn* 


"7*  it  necessary  to  follow  any  spe- 
cific method  in  placing  concrete  un- 
der water? 

"In  order  to  keep  down  the  amount 
of  water,  is  it  detrimental  thorough- 
ly to  mix  the  ingredients  dry  and 
place  them  without  adding  water? 

"Is  it  detrimental  to  place  con- 
crete as  above  in  water  which  would 
contain  1  /If.  part  of  sulphuric  acid  in 
various  forms,  together  with  petro- 
leum oils?" 


By  Mr.  Kinney 

In  depositing  concrete  under  wa- 
ter the  work  must  be  done  in  such  a 
manner  that  the  ingredients  will  not 
be  separated.  To  secure  this  result 
the  methods  involve  either  a  tremie, 
that  is,  a  large  pipe  through  which 
the  concrete  is  carried  to  a  point  near 
the  bottom  of  the  water,  the  pipe  be- 
ing gradually  withdrawn  as  the  con- 
crete is  built  up,  or  the  use  of  large 
buckets  by  which  the  concrete  is 
lowered  and  dumped  at  the  bottom  of 
the  water.  The  best  results  are  ob- 
tained by  mixing  a  limited  amount  of 
water  with  the  concrete  before  plac- 
ing, although  when  depositing  by 
means  of  a  pipe  or  chute  the  con- 
crete is  often  mixed  very  dry.  In 
1907,  I9O8  and  1909,  more  than 
100,000  cu.  yds.  of  concrete  were 
deposited  under  water  in  connection 
with  the  construction  of  the  Detroit 
River  tunnel.  Tremies  were  12" 
in  diameter  and  80'  long. 


^Engr.  in  charge  Inf.  &  Insp.  Bur.,  Univer- 
sal Portland  Cement  Co.,  Chicago 

^Gen'l.  Contr.,  New  Orleans 

='Vice-Pres.  and  Chf.  Engr.,  MacArthur  Con- 
crete Pile  &  Foundation  Co.,  N.  Y.  C. 

*Cons.  Engr.,  Houston,  Texas 


The  difficulty  which  is  often  en- 
countered in  placing  concrete  under 
water  usually  results  from  lack  of 
care  to  prevent  the  separation  of  ce- 
ment and  aggregates.  If  the  con- 
crete is  thrown  into  the  v  iter  or  even 
allowed  to  settle  thru-gh  it,  the 
separation  of  materials  is  unavoida- 
ble. 

One  common  and  inexpensive 
method  is  to  provide  a  closed  rec- 
tangular wood  chute  or  a  circular 
metal  one.  This  chute  is  placed  with 
one  end  extending  into  the  water  and 
to  the  foundation,  in  such  a  manner 
as  to  prevent  concrete  from  flowing 
out  while  the  chute  is  being  filled 
with  concrete.  When  it  is  entirely 
filled  it  is  raised  slightly,  thereby 
permitting  the  concrete  to  flow  out 
and  to  distribute  itself  gradually,  at 
the  same  time  permitting  additional 
concrete  to  be  placed  in  the  chute,  so 
that  at  no  time  can  water  enter.  In 
large  work  a  closed  bucket  with  a 
hinged  bottom  is  often  used.  When 
the  bucket  reaches  the  bottom  of  the 
foundation,  the  hinged  bottom  is  re- 
leased and  the  concrete  falls  into 
position. 

In  some  cases  concrete  has  been 
placed  in  sacks  which  were  lowered 
through  the  water  to  the  bottom  of 
the  foundation,  but  this  does  not  al- 
ways result  in  a  good  bond  between 
the  different  parts  of  the  foundation 
and  the  method  is  seldom  used.  Us- 
ing a  chute  is  preferable  in  most 
cases. 

When  the  concrete  is  to  be  de- 
posited from  an  air-tight  receptacle 
lowered  into  the  water,  it  should  be 
mixed  dry  enough  so  that  when  the 
gate  or  trap   door  of  the  bucket  is 
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opened,  the  material  will  be  dis- 
charged in  a  mass. 

It  is  not  the  intention  of  this  dis- 
cussion to  give  definite  instructions 
which  may  be  followed  in  any  par- 
ticular piece  of  work,  but  simply  to 
outline  the  procedure  which  must  be 
followed  in  work  of  this  nature. 

The  following  is  extracted  from 
the  Contractor  for  Apr.  1,  1912,  and 
Avill  no  doubt  be  of  value  in  deter- 
mining the  requirements  on  work  of 
this  nature: 

Concrete  may  be  deposited  successfully 
under  water  if  handled  so  as  to  prevent 
the  washing  of  the  cement  from  the  mix- 
ture. 

Cofferdams  should  he  sufficiently  tight 
to  prevent  current  through  the  pit,  and 
the  water  in  the  pit  should  be  quiet. 

The  concrete  should  be  deposited  in 
place  by  means  of  a  drop-bottom  bucket 
or  a  tremie  and  should  not  be  allowed  to 
fall  through  the  water. 

Where  a  tremie  is  used  it  should  be 
kept  filled  with  concrete  up  to  the  top  of 
the  water  level  and  the  discharge  end 
should  be  kept  buried,  in  the  freshly  de- 
posited mass  to  prevent  emptying  and 
raised  a  few  inches  at  a  time  as  the  filling 
progresses. 

Where  a  bucket  is  used,  it  should  be 
carefully  lowered  to  the  bottom  and 
raised  to  the  surface  so  as  to  cause  as  lit- 
tle disturbance  as  possible  of  the  water. 

The  surface  of  the  concrete  must  be 
kept  as  nearly  level  as  possible  to  avoid 
the  formation  of  pockets  which  will  re- 
tain laitance  and  sediment. 

Where  concrete  is  not  deposited  con- 
tinuously all  sediment  should  be  removed 
from  the  surface  of  the  concrete  by 
pumping  or  otherwise  before  depositing 
fresh  concrete. 

The  concrete  should  be  a  1:2:4  mixture 
of  a  "quaky"  consistency. 

Although  the  expression  "water 
which  would  contain  1/4  part  of  sul- 
phuric acid  in  various  forms"  is  am- 
biguous, we  assume  that  the  intended 
meaning  is  a  percentage  of  sulphuric 
acid  sufficient  to  prevent  satisfactory 
hardening  of  the  concrete.  Of 
course,  concrete  should  never  be  de- 
posited under  such  adverse  condi- 
tions. 

If  the  concrete  is  deposited  in  ac- 
cordance with  the  suggestions  already 
made  in  this  discussion,  the  concrete 
deposited  below  the  surface  of  the 
water  will  not  come  into  contact  with 
petroleum  oil  which  may  be  floating 
upon  the  surface  of  the  water.  Con- 
sequently that  portion  of  the  ques- 
tion does  not  appear  to  require  dis- 
cussion in  this  place. 

By  Mr.  Neville 

It  has  been  my  custom  to  use  a 
steel  tube  about  12"  in  diameter  in 
placing  concrete  under  water.  This 
tube  extends  to  within  a  short  dis- 
tance of  the  bottom  of  the  form  and 
is  raised  as  the  depositing  of  the  con- 
crete progresses. 

It  is  also  my  custom  to  use  a  very 
dry  mix,  putting  in  only  sufficient  wa- 
ter  to   make     the     material     plastic. 
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Concrete  of  course  should  not  be 
dropped  any  distance  through  the 
water  as  the  cement  and  sand  will 
be  washed  away  from  the  stone  or 
gravel  and  the  material  will  settle  in 
layers,  the  stone  or  gravel  at  the  bot- 
tom, the  sand  next  and  the  cement 
on  top.  My  theory  of  placing  con- 
crete under  water  is  that  the  con- 
crete should  be  placed  so  rapidly 
and  in  such  large  volumes  that  the  ex- 
terior water  will  not  enter  largely 
into  the  mass  of  the  concrete  but  will 
simply  be  displaced  by  it. 

I  have  never  had  any  experience  in 
placing  concrete  in  water  containing 
acid  or  oils ;  but  as  cement  is  decided- 
ly alkaline  in  its  properties  it  would 
appear  to  me  that  the  acid  would 
tend  to  neutralize  this  alkali,  to  the 
detriment  of  the  strength  of  the  con- 
crete. Also  if  steel  reinforcement  is 
used  in  the  concrete  it  should  be  re- 
membered that  it  is  these  alkaline 
properties  of  the  cement  which  pre- 
vent the  steel  from  rusting,  and  if 
acid  is  present  in  the  water  it  would 
be  more  than  probable  that  this  pre- 
servative effect  of  the  cement  would 
be  destroyed  and  the  reinforcement 
would  rust  out  in  a  short  time. 

By  Mr.  Abbott 

Answering  the  second  question,  I 
believe  it  would  be  unwise  to  deposit 
in  water  any  concrete  which  has 
been  mixed  up  completely  dry.  When 
in  this  state  the  contained  cement  is 
a  powder,  which  would  easily  float 
off  and  separate  from  the  sand  and 
stone,  whereas  if  the  concrete  has 
been  mixed  with  the  addition  of  wa- 
ter, the  cement  has  formed  a  mor- 
tar with  the  sand,  and  is  thus  much 
less  liable  to  become  separated  from 
the  ingredients  than  it  would  be  if  it 
were  in  the  form  of  a  powder.  Per- 
sonally, I  would  not  permit  the  plac- 
ing of  concrete  in  water  under  the 
conditions  mentioned  in  this  ques- 
tion, but  if  the  concrete  is  mixed  with 
water  in  the  proportions  known  as  a 
rather  dry  mixture,  as  opposed  to  a 
wet  mixture,  I  believe  it  could  be  de- 
posited through  2'  or  3'  of  water 
without  damage. 

By  Mr.  Van  de  Greyx 

( 1 )  A  method  whereby  a  concrete 
of  good  and  proper  quality  can  be 
obtained  can  of  course  be  used.  The 
greatest  danger  in  placing  is  segre- 
gation of  constituents.  Lines  of 
weakness  due  to  laitance  or  other 
causes  should  also  be  guarded 
against. 

Several  methods  are  in  use,  de- 
pending on  conditions.  For  exam- 
ple, the  writer  was  recently  asked 
whether  or  not,  where  there  was 
depth  of  water  of  not  more  than  12" 
or  24",  it  would  be  safe  to  deposit  a 
batch  of  concrete  at  one  end  of  a  pier 


base,  thus  forming  an  island,  and 
then  gradually  work  toward  other 
end.  The  answer  was  in  the  affirma- 
tive. As  the  concrete  was  deposited 
on  top  of  and  near  the  advancing  end 
of  concrete  just  previously  laid  the 
pressure  naturally  causes  the  mass  to 
flatten  and  advance  slowly,  occasion- 
ing no  wash.  Where  water  is  deep 
this  method  could  not  be  used. 

Concrete  is  deposited  under  water 
in  several  ways,  such  as  in  paper 
bags  or  open  cloth  bags,  through  pipe 
tremie  anid  by  boxes  properly  built 
to  dump  concrete  after  being  lower- 
ed to  bottom.  Very  commonly  it  is 
deposited  by  means  of  concrete 
buckets  with  trip-line  arrangement 
whereby  the  catch  on  the  bottom  of 
the  bucket  is  released  and  the  con- 
crete flows  out  when  the  bucket  is 
raised.  It  may  be  said  in  general 
that  on  each  job  some  one  method  is 
the  best.  The  proper  method  may  be 
determined  by  physical  conditions, 
by  the  size  of  the  job,  or  by  some 
other  condition.  For  example,  where 
concrete  is  to  be  placed  about  a  clus- 
ter of  piles  which  are  close  spaced, 
in  such  case  there  will  be  loss  of  time 
in  lowering  the  bucket  so  as  to  miss" 
the  piles,  or  the  piles  may  be  too 
closely  spaced  to  allow  an  ordinary 
sized  bucket  to  be  lowered  between 
them,  making  a  special  size  bucket 
necessary  if  it  is  to  be  used.  Where 
it  is  considered  essential  that  the  con- 
crete clutch  the  piling  I  would  hardly 
hardly  care  to  risk  the  paper  or  cloth 
sacks.  In  the  above  example  a  pipe 
tremie  would  be  best.  Consider  the 
job  which  is  too  small  to  warrant 
much  equipment.  In  such  case,  it 
might  be  best  to  use  the  cloth  or 
paper  sacks  filled  with  concrete  as 
this  could  be  done  with  little  outlay. 
If  for  some  reason  it  is  not  desirable 
to  use  them,  then  a  tremie  may  be 
rigged  up  at  comparativeh'  small 
cost. 

(2)  This  should  not  be  done. 
The  result  will  pretty  surely  be  a 
poor  concrete.  The  chances  are  great 
that  there  will  be  a  segregation  of 
the  materials  and  tliat  the  concrete 
will  not  be  compacted  and  it  will 
therefore  be  porous.  You  have  all 
seen  concrete  mixed  by  hand  where 
all  the  materials  are  sometimes 
mixed  dry  before  water  is  added,  and 
it  is  only  after  the  mass  is  worked 
thoroughly  after  water  is  added  that 
it  is  judged  to  be  in  proper  condi- 
tion to  be  put  in  place.  It  is  neces- 
sary that  the  cement  paste  coat  the 
sand  grains  and  that  the  resultant 
mortar  coat  the  j^articlcs  of  stone  and 
fill  the  spaces  between  the  stones. 
This,  in  my  judgment,  would  not  be 
accomplished  if  a  dry  mix  were 
placed  under  water.  Examination  of 
concrete  j)laced  by  tremie  method  in- 
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volving  use  of  wet,  rich  concrete,  has 
always  disclosed  it  to  be  dense  and 
well  mixed;  the  loss  in  cement  due 
to  using  the  wet  mix  is  made  up  by 
the  use  of  extra  cement  in  mixing. 

(3)  The  following  is  quoted 
from  Taylor  &  Thompson's  "Con- 
crete, Plain  and  Reinforced." 

Experience  shows  that  after  concrete 
has  thoroughly  hardened  it  resists  the  at- 
tacks of  diluted  acids,  such  as  are  found 
in  sewage  and  that  it  is  only  seriously  af- 
fected by  strong  acids  which  injure  near- 
ly all  other  materials.  Concrete  has 
proved  to  be  the  most  successful  lining 
for  digesters  in  pulp  mills  where  sul- 
phurous acid  is  present  under  high  heat 
pressure;  also  tests  indicate  that  mineral 
oils  do  not  injure  concrete  even  if  ap- 
plied when  only  a  week  or  two  old. 

One-quarter  part  of  sulphuric  acid 


I  would  by  no  means  consider  a  com- 
paratively dilute  acid.  A  piece  of 
hardened  mortar  about  the  size  of  a 
large  hickory  nut  was  placed  by  me 
in  a  solution  of  1  part  of  c.  p.  sul- 
phuric acid,  and  3  parts  of  water. 
For  about  1  min.  there  was  a  decided 
action  on  the  mortar.  It  was  left  in 
the  solution  and  has  been  slowly  dis- 
integrating. 

A  general  statement  regarding 
proper  procedure  where  water  con- 
tains impurities,  such  as  acids,  etc., 
could  be  of  no  value  or  safe;  each 
individual  problem  should  be  studied 
and  any  tests  necessary  should  be 
made  before  deciding  on  the  method 
and  kind  of  construction  and  mate- 
rials to  be  used. 


Oil-Proof  Reservoirs  of  Concrete      □ 

Discussed  By  Wm.  M.  Kinney' 

"About  a  year  ago  we  constructed 
a  reinforced  concrete  reservoir,  30'  x 
SO'  X  9'  deep  with  12"  thick  bottom, 
,top  and  walls,  and  used  an  integral 
waterproofing  in  the  concrete.  The 
walls  are  fairly  smooth  inside  and  as 
the  reservoir  is  built  between  build- 
ing walls,  it  w-ill  be  impossible  to  oil- 
proof  same  from  the  outside.  The 
reservoir  while  9'  deep,  will  be  filled 
only  to  a  depth  of  8'  with  crude  oil, 
in  which  case  the  top  does  not  need 
to  be  oil-proofed.  After  this  reser- 
voir was  built,  we  filed  same  with 
crude  oil  and  it  leaked  very  badly. 
This  also  means  that  the  walls  are 
fairly   well  saturated  with  oil. 

"Later  we  were  led  to  believe  that 
the  only  remedy  would  be  a  steel 
tank,  which  we  had  built  inside  of 
the  concrete  reservoir.  This  also 
failed  us,  in  that  it  leaked  oil  just  as 
much  as  the  concrete  reservoir. 

"We  are  now  prepared  to  take  out 
the  steel  tank,  if  it  is  possible  for  us 
to  secure  any  information  which  will 
assure  us  that  the  present  reservoir 
can  be  made  oil-proof." 


By  Mr.  Kinxey 

In  the  particular  case  referred  to 
there  is  only  one  remedy;  tear  out 
the  steel  tank  and  construct  a  new 
concrete  tank  inside  of  the  defective 
one.  The  question  then  presented  is : 
"Can  a  concrete  reservoir  be  so  con- 
structed that  it  will  be  permanently 
oil-proof?" 

So  far  as  the  effect  of  oils  on  con- 
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Crete  is  concerned,  the  general  con- 
clusion, based  on  the  results  of  tests 
and  actual  experience,  seems  to  indi- 
cate that  mineral  oils  (under  which 
head  may  be  classed  lubricating  oils 
and  gasoline)  show  only  a  slight 
tendency  to  soak  into  the  concrete 
and  perhaps  reduce  its  strength  some- 
what- The  extent  of  this  action, 
however,  depends  largely  upon  the 
quality  of  the  concrete. 

Several  engineers  have  made  in- 
vestigations of  concrete  structures 
subject  to  the  effect  of  engine  oil 
and  the  like  and  have  found  that  in 
the  few  cases  where  there  was  any 
evidence  of  disintegration  the  con- 
crete itself  was  of  poor  quality  or 
the  workmanship  was  inferior.  If 
the  concrete  exposed  to  the  mineral 
pils  is  porous,  injured  by  frost  Avhile 
hardening,  of  a  lean  mixture,  poorly 
mixed  or  improperly  cured,  there  is 
no  doubt  that  general  penetration  and 
weakening  of  the  concrete  will  result. 
If,  however,  the  concrete  is  made  of 
well  graded  materials,  properly  pro- 
portioned, mixed  and  placed  so  as 
to  obtain  a  dense,  compact  mass,  the 
oils  will  haA^e  no  destructive  effect  on 
the  concrete. 

A  concrete  tank  built  in  San  An- 
tonio, Tex.,  is  reported  in  Engineer- 
ing Record  of  May  30,  1908,  as  hav- 
ing at  that  time  been  in  service  for 
three  years,  holding  heavy  Texas  oil, 
without  showing  any  leakage  what- 
ever. 

In  Engineering  Netvs  of  July  4, 
1907,  is  reported  a  concrete  tank  for 
fuel  oil  which  was  built  for  the 
Tonopah  Mining  Co.  at  Millers,  Xev, 
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The  tank  is  built  with  the  top  flush 
with  the  ground  line  or  a  few  inches 
above  it  in  order  to  prevent  any 
drainage  running  into  it.  The  inside 
dimensions  are  84'  6"  long,  35'  wide 
and  8'  deep,  the  capacity  being  ap- 
proximately 14.'5,000  gals.,  or  4,700 
bbls.  The  walls  of  the  tank  are  4" 
thick  and  the  sides  and  ends  of  the 
tank  slope  in  an  angle  of  60^  with 
the  base.  A  rim  around  the  upper 
periphery  is  12"  x  12".  In  mixing 
the  concrete,  great  care  was  taken  to 
prevent  broken  stone  larger  than 
%-in.  from  entering  the  mixture,  in 
order  that  seepage  of  oil  might  be 
prevented.  The  mixture  used  was  1 
part  cement,  1  part  sand  and  1  part 
broken  stone.  Reinforcing  bars  were 
use  at  the  inner  sections  of  angle  cor- 
ners only. 

In  Engineering  News,  Vol.  57,  Xo. 
1,  p.  12,  is  descrbied  an  experiment 
made  on  the  use  of  concrete  tanks 
for  storing  fuel  oil.  One  tank  was 
made  and  filled  with  oil  and  at  the 
end  of  nine  mos.  the  tank  was  abso- 
lutely tight,  the  oil  having  penetrated 
and  discolored  the  concrete  less  than 
1/2 '',  and  the  concrete  remained  ap- 
parently sound  and  uninjured. 

Several  tanks  for  storing  Texas 
oils  have  been  constructed  by  the  dif- 
ferent railroads  at  El  Paso,  Tex.  A 
letter  from  the  El  Paso  &  South- 
western System  states  that  it  has  used 
concrete  tanks  to  store  crude  oil  un- 
interruptedly for  five  years  and  finds 
that  the  concrete  has  not  been  injured 
in  any  way. 

The  San  Antonio  Gas  &  Electric 
Co.,  San  Antonio,  Tex.,  has  construct- 
ed a  tank  for  storing  heavy  oils,  and 
its  superintendent  states  that  after 
three  years'  Use  the  tank  shows  no 
sign  of  leakage  or  deterioration. 

Four  reinforced  concrete  tanks  for 
the  storage  of  oil  were  built  in  the 
fall  of  1910,  for  the  Queen  City  Oil 
Co.,  Toronto,  Ont..  Can.,  at  its  "West 
Toronto  yards.  These  were  for  the 
storage  of  the  lighter  products  of 
petroleum.  The  inside  dimensions 
for  each  tank  were  21'  6"  wide,  38' 
long  and  9'  6"  high.  They  were 
placed  underground  and  a  cover  of 
3'  of  earth  placed  on  top  of  them. 
These  tanks  were  described  in  Can- 
adian Engineering  for  Feb.  I6.  I91I. 
The  only  precautions  taken  were  to 
obtain  a  dense  concrete  and  avoid 
joints  and  seams.  Immediately  after 
stripping  the  forms,  cement  grout 
was  applied  on  the  green  concrete. 

We  would  suggest  a  1 :2 :4  con- 
crete, made  up  of  1  bag  of  cement, 
2  cu.  ft.  of  clean,  coarse  sand,  and 
4  cu.  ft.  of  well  graded,  durable 
crushed  stone  or  gravel  varying  in 
size  from  14"  to  V2".    The  concrete 
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sliould  be  mixed  with  sufficient  water 
to  give  a  wet,  quaky  consistency.  It 
is  not  necessary  to  mix  any  oil-proof 
or  waterproofing  compounds  with  the 
concrete,  if  care  is  taken  to  obtain 
a  dense,  impervious  surface  by  prop- 
er proportioning,  mixing  and  spad- 
ing of  the  concrete  near  the  face  of 
,  the  wall.  As  an  extra  precaution,  the 
inside  of  the  tank  may  be  brushed 
with  a  mixture  of  cement  and  water 
of  about  the  same  consistency  of 
cream. 

It  is  very  important  that  the  con- 
crete be  uninterfered  with  in  its  hard- 
ening process  for  a  much  longer  time 
than  is  necessary  when  the  concrete 
is  to  be  subjected  merely  to  water  or 
weather  conditions.  We  recommend 
that  a  tank  which  is  to  contain  oil 
be  allowed  to  harden  from  two  mos. 
to  three  mos.  before  filling  with  oil, 
during  which  time  plenty  of  water 
should  be  used  to  assist  the  harden- 
ing process.  The  Standard  Oil  Co. 
is  using  many  concrete  tanks  for  the 
storage  of  its  oil  products,  and  there 
is  no  reason  at  all  why  concrete 
should  not  be  used  in  the  construc- 
tion of  oil  tanks,  if  precaution  is 
taken  to  allow  the  concrete  to  have 
an  unusually  long  time  in  which  to 
obtain  its  full  strength  before  the  oil 
is  put  into  the  receptacle. 

Oil  will  not  penetrate  through  a 
tank  of  concrete  if  it  is  properly'con- 
structed  and  the  concrete  has  been 
rightly  proportioned.  Concrete  oil 
tanks  are  in  use  extensively  through- 
out Texas  and  the  Southwest.  The 
C.  M.  &  St.  P.  Ry.,  the  A.  T.  &  S.  F. 
Ry.  and  the  Standard  Oil  Co.  all  use 
concrete  oil  tanks  for  storage  pur- 
poses. Engineering  Record  for  Sept. 
2,  1911,  contains  a  report  from  the 
various  division  engineers  of  the 
Santa  Fe  R.  R.  Co.,  regarding  the 
concrete  oil  tanks  on  their  divisions. 
All  the  reports  show  that  concrete 
was  entirely  satisfactory,  and  the 
greatest  depth  to  which  oil  penetrat- 
ed was  reported  to  be  U^". 

Editorial  Discussion 

In  answer  to  the  above  question, 
so  far  as  we  know,  there  is  no  prod- 
uct manufactured  today  that  will  be 
suitable  for  the  tank  in' question,  and 
it  is  doubtful  that  it  will  be  possible 
to  develop  a  product  that  will  answer 
in  view  of  the  fact  that  the  concrete 
walls  have  become  thoroughly  satu- 
rated with  oil,  making  it  extremely 
difficult  to  apply  a  surface  that  would 
adhere  for  any  length  of  time. 

In  the  particular  case  referred  to 
there  is  only  one  remedy,  i.  e.,  tear 
out  the  steel  tank  and  construct  a 
new  concrete  tank  inside  of  the  de- 
fective one. 


Putting:  New'  Top   Finish   on    Old 
Floor  Base  nan 

Discussed  Bv  Leonard  C.  Wason,'  A.  M.  Wolf'  and  W.  M.  Kinney* 

"We  are  a  little  in  doubt  as  to  horv  ~ " 

to  proceed  in  putting  on  a  new  top 
surface  of  a  terrace  in  connection 
with  a  large  residence.  The  floor  of 
the  terrace  is  of  a  reinforced,  1:6, 
concrete  mixture  and  over  the  top  of 
this  was  originally  laid  a  composition 
flooring  material,  composed  largely 
of  wood  fiber  and  cementitious  bind- 
er, the  nature  of  which  we  do  not 
know  in  detail.  Before  this  material 
was  put  on  the  surface  of  the  con- 
crete base  was  treated  with  a  solution 
intended  to  fill  up  the  voids  and  pre- 
vent an  attack  by  moisture  coming 
through  the  concrete  to  ■  the  under 
side  of  the  composition  material.  This 
is  an  exterior  job,  of  course,  and  the 
floor  has  been  unsatisfactory.  Just 
how  should  the  work  proceed  in  put- 
ting on  some  nen)  finish,  such  as  ter- 
razzo  or  grouted  tile?" 


By  Mr.  Wason 

I  do  not  consider  that  this  type  of 
floor  covering  is  suitable  for  outside 
work.  The  principal  concern  laying 
it  in  Boston  does  not  recommend  it 
where  there  is  much  moisture.  In 
spite  of  adverse  judgment,  I  laid  this 
in  my  garage  over  a  wood  floor  and 
where  wet  it  expands  and  blisters 
and  finally  breaks  when  one  steps 
upon  the  blister.  For  repairs,  I 
should  entirely  remove  this  from  the 
old  base,  cleaning  dirt  and  dust 
away,  and  make  a  new  finish;  if  of 
terrazzo  or  grouted  tile,  have  a  total 
thickness  of  at  least  2",  The  base 
would  be  about  114"  of  good  con- 
crete with  fine  aggregate  on  which 
the  terrazzo  would  be  spread  and 
worked  in  before  the  base  set,  or  if 
tile  is  used,  use  a  base  of  about  the 
same  thickness  on  which  the  tile  is 
bedded  and  joints  grouted  full  as 
fast  as  laid.  Then  the  work  should 
stay  down  and  give  permanent  satis- 
faction. 

By  Mr.  Wolf 

The  question  as  to  the  best  meth- 
od to  use  in  replacing  a  new  top  fin- 
ish on  an  old  reinforced  concrete 
base  of  an  outside  terrace  is  an  im- 
portant one  and  closely  allied  to  the 
problem  of  applying  finish  to  inter- 
ior   floors   where    the    base    and   the 
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finish  are  not  put  down  at  the  same 
time. 

In  the  writer's  opinion  the  old  top 
finish  should  be  removed  entirely  so 
that  no  traces  of  it  remain,  then  the 
top  of  the  concrete  base  should  be 
thoroughly  cleaned  off  and  washed, 
and  the  surface  roughened  by  pick- 
ing and  washing  with  a  strong  solu- 
tion of  hydrochloric  acid  and  water. 
All  traces  of  the  acid  wash  should 
be  removed  before  the  new  top  is 
put  on,  by  thoroughly  flushing  off 
the  surface  with  fresh  water. 

If  any  cracks  are  found  in  the 
base,  the  concrete  adjacent  to  them 
should  be  chipped  out,  the  loosened 
particles  removed,  the  concrete  thor- 
oughly wetted,  a  grout  wash  applied 
and  the  base  brought  up  to  the  sur- 
face with  fresh  concrete  which  has 
been  mixed  for  about  10  min.  to  15 
min.,  or  such  time  as  would  be  re- 
quired to  make  the  mixture  very 
close  to  what  might  be  called  a  re- 
tempered  mixture. 

After  the  base  has  been  repaired 
it  should  be  flooded  with  water  and 
as  much  as  possible  allowed  to  soak 
into  the  slab.  A  light  wire  mesh 
or  welded  fabric  with  meshes  about 
4"  x  4'',  the  wire  being  about 
12-ga.  or  14-ga.,  should  then  be 
spread  over  the  base  with  a  4-in.  lap 
at  side  and  ends  where  splices  occur, 
The  wire  mesh  is  specified  for  the 
reason  that  it  reinforces  the  mortar 
coat  and  thereby  makes  it  better  able 
to  withstand  the  temperature  stresses 
which  arise  in  slabs  exposed  to  sud- 
den changes  of  temperature,  such  as 
a  terrace  covering  of  this  kind. 

Upon  this  mesh  spread  a  ll/o- 
in.  layer  of  1 :3  mortar  as  a  bedding 
for  the  terrazzo  or  tile.  This  mor- 
tar should  be  mixed  rather  wet  to 
allow  for  a  certain  amount  of  absorp- 
tion by  the  old  base.  If  possible  this 
work  should  be  done  in  damp  and 
cool  weather  with  the  temperature 
not  much  over  60°  F.  This  will 
tend  to  eliminate  rapid  drying  out 
of  tlie  mortar  coat  and  attendant 
contraction  cracks.  The  entire  sur- 
face should  be  kept  damp  and  pro- 
tected from  the  sun  and  wind  for  at 
least  1  wk.  after  placing. 

By  Mr.  Kinney 

In  the  first  place,  the  old  top  fin- 
ish must  be  removed  and  all  dirt  and 
debris  swept  from  the  surface  of 
the   slab    forming    the   base    for   the 
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floor  surface.  This  surface  should 
then  be  roughened  thoroughly  and 
cleaned  in  a  manner  that  will  expose 
the  surface  of  the  aggregate  free 
fi'om  mortar,  or  cement.  If  an  acid 
wash  is  used,  all  traces  of  the  acid 
should  be  removed  by  scrubbing  the 
floor  thoroughly  with  clean  water, 
preferably  applied  through  a  hose. 
The  slab  should  be  soaked  thorough- 
ly with  water  and  kept  wet  for  24- 
hrs.  before  the  new  wearing  course 
is  placed. 

In    applying   terrazzo    finish,    the 
surface   of  the   slab   should   first  be 


carefully  treated  with  a  neat  cement 
grout,  brushed  on,  and  immediately 
following  the  cement  grout  a  layer 
of  5/2"  of  cement  mortar,  composed 
of  1  sack  of  Portland  cement  to  2 
cu.  ft.  of  clean,  coarse  sand,  should 
be  placed.  This  should  be  spread 
perfectly  level  with  a  straightedge. 
On  this  the  terrazzo  mixture  may 
then  be  laid  and  the  work  proceed 
in  the  customary  manner.  If  the 
new  wearing  surface  is  to  be  of  tile, 
the  same  kind  of  mortar  bed  should 
be  used,  put  down  as  already  de- 
scribed. 


The  Proper  Use  of  Steam  in  Curing 
Concrete  Products  □  □ 

Discussed  By  Wm.  M.  Kinney'  and   E.  L.  Conwell' 


"What  is  the  advantage,  in  the 
operation  of  a  steam  room,  in  con- 
ducting steam  through  a  trough  of 
water  in  the  floor  of  the  room?  If  it 
is  true  that  moisture  in  steam  begins 
to  condense  as  the  temperature  is 
lowered,  it  would  naturally  seem  that 
the  introduction  of  steam  into  water 
would  tend  to  remove  some  of  the 
moisture  from  the  steam  before  it 
could  escape  into  the  curing  room  to 
be  deposited  on  the  concrete  products. 
I  should  think  that  if  the  steam  room 
is  not  steam  tight,  and  the  steam  not 
under  pressure,  there  would  be  no 
danger  in  allowing  the  steam  to 
escape  direct  into  the  room,  providing 
the  steam  were  fairly  well  diffused 
on  its  escape  from  the  supply  pipes." 


By  Mr.  Kinney 

The  principal  object  in  steam  cur- 
ing concrete  products  is  to  accelerate 
the  hardening  by  means  of  heat  with- 
out endangering  the  concrete  through 
loss  of  moisture  by  evaporation. 
Saturated  steam  will  not  only  pro- 
vide sufficient  heat,  but  moisture  to 
insure  against  injury  from  drying. 

In  the  early  history  of  concrete 
products  manufacture  it  was  custo- 
mary to  use  exhaust  steam  for  heat- 
ing the  curing-chamber ;  but  as  a  suf- 
ficient quantity  of  steam  could  not 
always  be  procured,  the  natural  re- 
sort was  to  use  steam  direct  from  the 
boiler.  Records  show  that  in  many 
cases  large  quantities  of  good  con- 
crete came  to  grief,  owing  to  some 
drying  action,  which  at  that  time  was 
not  explained. 
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Especially  difficult  is  the  mainten- 
ance in  a  boiler  of  a  sufficient  quan- 
tity of  steam  at  low  pressure  to  heat 
properly  any  number  of  curing 
rooms.  Coupled  with  this  difficulty 
is  the  danger  that  pressure  will  rise 
considerably  above  that  necessary  to 
supply  the  steam  required  for  proper 
curing.  With  this  in  view  we  have 
been  recommending  steam  under 
pressure;  that  is,  up  to  30  lbs.  or  45 
lbs.,  provided  it  be  admitted  through 
water. 

The  most  satisfactory  way  of  ad- 
mitting steam  in  this  manner  is 
through  a  perforated  pipe  embedded 
in  a  trough  of  water  running  through 
the  center  or  along  the  sides  of  the 
curing  chamber.  The  floor  should 
be  so  sloped  that  any  water  or  con- 
densation on  the  products  or  on  the 
walls  of  the  curing  chamber  will  be 
returned  to  the  trough  for  re-evapor- 
ation. In  this  manner  the  trough  is 
automatically  kept  full  of  water,  and 
we  have  yet  to  record  a  case  of 
trouble  when  this  method  of  curing 
was  employed.  All  of  the  heat  which 
the  steam  contains  on  being  emitted 
from  the  boiler  is  at  once  taken  up 
by  the  water,  and  the  result  shown 
by  evaporation.  The  temperature  of 
the  water  is  at  the  boiling  point,  ow- 
ing to  the  fact  that  steam  is  con- 
tinually being  forced  through  it,  and 
what  heat  is  taken  up  by  the  water  is 
used  in  causing  evaporation.  Water 
evaporated  at  212°  F.  is  just  as  use- 
ful in  warming  the  room  as  is  steam 
at  the  same  temperature. 

To  explain  the  drying  action  of 
steam  under  pressure  as  admitted  to 
the  curing  chamber,  let  us  assume 
that  we  are  taking  steam  from  a 
boiler  operating  at  30  lbs.  gauge  pres- 
sure.    The  temperature  of  the  steam 


in  the  boiler  is  272^.  Upon  opening 
the  valve,  the  steam  is  reduced  to 
252°  and  atrnosplieric  pressure.  It 
is,  of  course,  understood  that  steam 
under  atmospheric  pressure  and  hav- 
ing a  temperature  of  252^  is  in  an 
abnormal  condition  in  that  there  are 
40°  of  superheat  present.  This 
steam  is  in  a  similar  condition  to  that 
which  would  be  obtained  if  water 
vapor  at  212°  were  heated  up  to  252° 
away  from  contact  with  water.  Nat- 
urally the  first  thing  that  steam  in 
this  condition  does  is  to  avail  itself 
of  the  first  opportunity  to  reach  nor- 
mal conditions,  and  the  easiest  way 
in  this  case  is  to  absorb  water  from 
anything  in  its  vicinity.  The  result 
is  a  drying  out  of  the  concrete  prod- 
ucts which  happen  to  be  stored  near- 
est to  the  superheated  steam. 

By  Mr.  Conwell 
The  advantage  derived  from  cur- 
ing concrete  products  by  introducing 
steam  through  water  is  by  no  means 
clear  to  me.  From  general  knowl- 
edge of  the  use  of  cement,  quite  the 
reverse  would  appear  to  be  the  case. 
Certainly  a  great  proportion  of  the 
steam  would  condense  into  water  and 
while  this  would  raise  the  tempera- 
ture of  the  water  to  a  point  close  to 
boiling,  it  would  perhaps  increase  the 
humidity  of  the  air  in  the  curing 
chamber.  I  think  that  the  direct  in- 
troduction of  steam  would  cause  a 
greater  humidity  in  the  atmosphere 
and  in  addition  would  raise  the  tem- 
perature of  the  room  somewhat. 
The  setting  and  hardening  processes 
of  Portland  cement  are  merely  chem- 
ical reactions  and  while  they  are  as 
yet  imperfectly  understood,  it  is 
nevertheless  true  that  in  common  with 
all  chemical  reactions,  the  rate  at 
which  they  take  place  is  accelerated 
by  heat  and  retarded  by  the  absence 
of  heat.  It  is,  therefore,  to  be  ex- 
pected that  the  introduction  of  steam 
in  addition  to  furnishing  the  con- 
crete products  with  more  of  the  wa- 
ter which  they  require  for  hardening, 
would  hasten  and  accelerate  the  hard- 
ening action  through  raising  the 
temperature.  The  influence  of  steam 
in  accelerating  the  hardening  of 
concrete  is  well  illustrated  by  the  cus- 
tom in  testing  cement  of  exposing  a 
pat  of  neat  cement  to  steam  in  a 
loosely  closed  vessel  for  several 
hours.  This  is  the  accelerated  test  to 
develop  unsoundness  if  it  exists  in 
the  material.  But  all  who  are  famil- 
iar with  the  practical  details  of  this 
test  know  that  the  pats,  after  a  few 
hours'  exposure  to  steam,  become  ex- 
tremely hard.  It  is  also  quite  well 
known  that  a  neat  cement  briquette 
which  has  been  exposed  to  steam  for 
several  hours  will  show  more  strength 
than  a  corresponding  briquette  of  the 
same  age  which  has  not  been  so  treat- 
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ed.  Another  somewhat  analogous 
process  to  curing  of  cement  by  steam 
is  the  manufacture  of  sand-lime 
brick.  It  is  of  course  true  that  in 
the  sand-lime  brick  cylinders  the 
steam  pressure  is  carried  to  as  high 
as  150  lbs.  per  sq.  in.  in  some  cases, 
but  the  materials  used  in  sand-lime 
bricks  are  relatively  difficult  of  attack 
by  steam,  while  Portland  cement  is 
so  unstable  that  it  sets  and  hardens 
when  mixed  with  water  at  ordinary 
temperatures,  so  that  the  influence  of 
steam  at  5  lbs.  to  15  lbs.  pressure  on 
concrete  products  should  be  very 
marked. 

It  should  be  understood  by  any- 
one curing  concrete  products  by  the 
direct  introduction  of  steam  that  this 
amounts  to  the  performance  of  the 
test  for  unsoundness  on  Portland  ce- 
ment, and  if  a  cement  is  used  which 
is  not  sound,  this  method  of  curing 
would  probably  cause  disintegration 
of  the  concrete  products.  A  good 
suggestion,  therefore,  would  appear 
to  be  to  test  each  fresh  shipment  of 
cement  bj-  making  several  small  pats 
3"  in  diameter  and  1  o"  thick  at  the 
center  and  tapering  to  a  thin  edge. 
These  pats  should  be  exposed  to 
steam  for  several  hours  and  the  ap- 
pearance of  checking,  warping  or 
cracking  in  them  would  be  an  indica- 
tion that  the   cement  should  not  be 


used  in  concrete  products  to  be  cured 
in  steam. 

Editorial  Discussion 
While  the  opinions  of  Mr.  Kinney 
and  Mr.  Conwell  do  not  coincide,  it 
seems  well  to  call  attention  to  a  safe 
middle  ground  in  steam  curing  prac- 
tice. It  has  been  demonstrated  by 
tests  made  under  the  direction  of  the 
U.  S.  Bureau  of  Standards  that  un- 
der the  conditions  of  the  particular 
series  of  tests  very  high  strengths 
have  been  obtained  in  concrete  prod- 
ucts cured  in  a  steam-tight  cylinder 
under  a  pressure  of  as  high  as  80  lbs. 
Products  were  not  subjected  to  such 
treatment  immediately  after  removal 
from  the  molds,  however.  In  fact 
good  results  required  that  about  24 
hrs.  should  have  elapsed  between 
molding  the  products  and  subjecting 
them  to  high  pressure  steam.  Such 
curing  methods  are  yet  to  be  demon- 
strated as  being  commercially  practi- 
cal. Until  it  is  further  demonstrated 
that  all  good  Portland  cements  should 
withstand  a  severe  test  imder  high 
pressure  steam,  good  practice  would 
seem  to  lie  in  the  use  either  of  steam 
admitted  to  the  curing  chamber 
through  water  or  through  a  reducing 
valve,  which  will  keep  the  pressure 
down  to  5  lbs.  Steam  at  5  lbs.  is  be- 
ing used  satisfactorily  without  the 
use  of  troughs  of  water. 


Will   Mixing    Concrete    Too     Wet 
Cause  Its  Eventual  Failure  ?  n 

Discussed  Bv  Chas.  J.  Bexxett,'  Theo.  Dwege,'  R.  L.  Rickman,'  Leon- 
ard C.  Wason*  and  Carl  H.  Fuller" 


"Will     mixing     concrete     too     wet 
cause  its  eventual  failure?" 


By  Ma   Bennett 

In  answering  this  question  I  think 
that  the  degree  of  wetness  has  much 
to  do  with  the  ultimate  strength  of 
the  concrete.  Concrete  can  be  mixed 
so  wet  that  there  will  be  a  separa- 
tion of  aggregates  on  account  of  the 
preponderance  of  water,  that  is  to 
say,  the  heavier  particles  will  sink 
to  the  bottom  and  there  will  be  a 
consequent  loss  in  strength  due  to 
the  fact  that  the  different  ingredients 
will  not  be  thoroughly  mixed.  This 
condition  may  take  place  after  the 
concrete  is  in  position  owing  to  the 

'Highway  Commr.,  Hartford,  Conn. 

*Contr.,    Hammond,    Ind. 

'Contr.,  Eau  Claire,  Wis. 

*Pres.  and  Mgr.,  Aberthaw  Constr.  Co., 
Boston 

'Engr.  and  Contr.,  Corintli,  Miss. 
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disturbance  of  the  mass  caused  by 
placing  and  spading  the  material 
against  the  fiorms,  so  that  it  may 
safely  be  said  that  too  wet  mixing 
will  cause  eventual  failure  of  con- 
crete structures. 

In  further  consideration  of  the 
topic,  concrete  which  is  materially 
wet  will,  of  course,  take  a  longer 
time  to  set  than  concrete  which  is 
properly  mixed,  so  that  the  time  of 
removal  of  focms  would  have  some- 
thing to  do  with  the  ultimate  fail- 
ure of  the  structure;  that  is,  if  the 
concrete  were  mixed  quite  wet  and 
the  forms  removed  quickly,  the  mass 
would  not  be  thoroughly  seasoned 
and  there  might  be  a  failure  on  this 
account. 

The  right  amount  of  water  to  be 
placed  in  concrete  is  not  a  matter  of 
actual  percentages  to  be  stated,  be- 
cause the  amount  of  water  to  be  tak- 
en  up  will  vary  with  the   condition 


and  class  of  mineral  aggregate  and 
the  brand  of  cement. 

As  a  rough,  general  rule,  however, 
concrete  should  be  placed  with  an 
amount  of  water  sufficient  to  allow 
the  foot  of  a  laborer  to  sink  into  the 
mass  and  to  leave  a  perceptible  hole 
after  the  laborer  withdraws  his  foot, 
a  hole  which  will  gradually  close  up 
but  not  fill  with  water. 

By  Mr.  Dwege 

I  firmly  believe  that  mixing  con- 
crete too  wet  is  very  injurious,  espe- 
cially in  hand  mixing  where  it  is  not 
thoroughly  mixed  again  with  abso- 
lutely clean  material  which  will  al- 
low the  water  to  carry  off  a  certain 
amount  of  the  cement.  I  believe  for 
this  one  reason  that  a  certain  per- 
centage of  loam  would  retain  water 
and  make  the  concrete  set  up  more 
slowly,  which  would  be  beneficial. 

By  Mr.  Rickman 

This  might  be  possible  under  cer- 
tain conditions  where  the  forms  were 
not  so  nearly  watertight  as  they 
should  be,  or  where  the  concrete  is 
placed  upon  a  very  sandy  base  from 
which  the  water  could  easily  escape 
in  a  short  time  after  pouring.  While 
I  believe  that  a  great  deal  of  concrete 
is  made  too  wet  for  its  own  good,  I 
think  that  the  greatest  harm  that 
may  arise  from  this  practice  is  that 
the  excess  of  water  escapes  before  the 
concrete  has  set  up  hard,  thus  car- 
rying off  a  great  deal  of  the  "vital- 
ity" of  the  cement  with  it. 

Where  concrete  is  spread  on  a 
sandy  foundation,  as  often  occurs  in 
laying  sidewalks,  floors,  etc.,  the 
sandy  base  will  quickly  suck  all  the 
water  possible  out  of  the  concrete, 
leaving  more  or  less  voids  by  its  dis- 
appearance. You  might  ask:  Would 
not  this  occur  in  a  mixture  just  wet 
enough  to  quake .'  I  do  not  think  so, 
because  when  a  flow  is  once  estab- 
lished, the  consequent  suction  is 
much  greater,  and  establishes  what 
you  might  terra  "inverted  capillary 
attraction." 

It  is  well  tJiat  where  a  concrete 
structure  has  failed  from  an^^  cause, 
that  we  take  up  the  catalog  of  "prob- 
able causes"  and  discuss  them  in  de- 
tail, in  order,  if  possible,  that  the 
true  cause  may  be  found,  together 
with  a  remedy. 

There  are  so  many  causes  that 
may  contribute  their  part  in  the  fail- 
ure of  a  concrete  structure,  that  it 
becomes  a  very  difficult  matter  to  saj' 
which  one  was  the  "specific"  cause. 

When  a  concrete  structure  fails,  it 
may  be  said  to  have  "died  from  un- 
known causes"  until  an  autopsy  has 
been  held,  and  a  careful  diagnosis 
made  in  an  endeavor  to  find  out  what 
caused  its  demise. 

The  verdict  of  the  attending  "cor- 
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hands  of  a  mob,  who  liave  been  iden- 
tified as: 

"Dirty  Aggregate, 
"Too  Lean  Mix, 
"Poor  Proportion, 
"Poor  Mix, 
"Too  Much  Water 
"Too  Little  Water 
"Too  Much  Heat 
"Old  Jack  Frost,  led  by 
"Old  Don't  Give-a-Damn,  and  his 
son, 

"Don't  Care-a-Damn." 

"Having  ascertained  the  above 
facts,  it  is  the  judgment  of  the  cor- 
oner's court,  that  "Old  don't  give-a 
damn"  and  his  son  "Don't  care-a- 
damn,"  being  responsible  for  the 
mob's  action,  they  should  be  at  once 
apprehended  and  placed  in  solitary 
confinement  for  the  rest  of  their  nat- 
ural lives,  as  a  penalty  for  abusing 
the  confidence  of  innocent  parties 
and  causing  their  unnecessary  and 
wanton  destruction." 

I  heartily  agree  with  the  coron- 
er's decision. 

By  Mr.  Wason 

When  concrete  is  mixed  too  wet 
and  put  into  tight  forms,  the  water 
is  held  in  it  mechanically  until  the 
cement  sets.  It  eventually  evapor- 
ates, and  where  the  excess  of  water 
stood  there  is  a  void.  This  void,  re- 
ducing the  cross-section  of  the  con- 
crete, is  a  cause  of  weakness.  A 
large  excess  of  water  also  is  liable, 
during  the  placing  of  the  concrete,  to 
cause  separation  of  the  materials, 
the  heavy  stone  settling  through  the 
mortar  to  the  bottom,  leaving  the 
mortar  on  top,  and  to  the  top  of  the 
mortar  floats  up  the  lighter  material 
called  laitance  which  if  not  removed 
leaves  soft,  spongy  and  weak  strata 
in  the  concrete.  These  defects  weak- 
en the  concrete  somewhat  but  are  not 
causes  for  ultimate  failure,  because 
the  weakness  is  not  sufficient  to 
cause  a  dangerous  stress  in  the  mate- 
rial. 

If  we  have  a  1 :2:4  mix  with  a  fac- 
tor of  safety  of  4  for  its  ultimate 
strength  for  well  mixed  and  careful- 
ly placed  concrete  of  the  right  con- 
sistency, if  mixed  wet  and  with  im- 
proper care  there  is  still  likely  to 
be  at  least  a  factor  of  3,  so  that  fail- 
ure is  not  likely  to  occur.  There  was 
an  article  written  by  Cloyd  M.  Chap- 
man, entitled  "W^aterproofing  with 
Water,"  published  in  the  Proceed- 
ings of  the  Am.  Concrete  Inst.,  which 
shows  a  variation  in  strength  to  dif- 
ferent percentages  of  water.  This 
is  a  very  interesting  paper. 

By  Mr.   Fuller 

In  the  earlier  days  the  tendency 
was  to  mix  all  concrete  too  dry  and 
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sidewalk  and  concrete  block  people 
still  adhere  to  that  practice,  with  the 
result  that  their  products  do  not  at- 
tain the  strength  of  the  wetter  mix- 
tures. Now  the  tendency,  owing 
largely  to  the  chuting  systems  of 
depositing  in  forms,  is  causing  the 
pendulum  of  opinion  to  swing  in  the 
other  direction  and  many  contrac- 
tors are  mixing  too  wet,  something 
that  one  is  easily  tempted  to  do  be- 
cause it  facilitates  the  handling  of 
the  material. 

Mixing  concrete  is  a  chemical 
process  and  if  sufficient  water  is  not 
added  at  the  time  it  is  mixed,  the 
cement  not  only  fails  to  become  thor- 
oughly mixed  with  the  balance  of 
the  material  but  from  lack  of  water 
at  the  initial  moment  fails  to  attain 
the  adhesive  strength  it  should.  On 
the  other  hand  the  addition  of  too 
much  water  causes  the  cement  to  seg- 
regate and  separate  from  the  heav- 
ier material  and  this  is  especially 
true  in  chuting  systems.  The  exact 
proportion  of  water  causes  it  to  ad- 
here and  cling  to  the  heavier  mate- 
rial until  it  is  all  deposited  in  an 
even  mass  in  the  forms  and  from  its 
weight  the  excess  of  moisture  is  re- 
moved. To  get  perfect  concrete, 
just  enough  water  should  be  added 
to  make  a  thoroughly  creamy  consis- 
tent mixture  in  which  every  unit  of 
the  heavier  material  is  thoroughly 
coated  with  cement  and  in  which  the 
heaviest  stones  iw{ill  float  and  set 
without  settling  to  the  bottom.  This 
kind  of  a  mixture  is  easy  to  tamp, 
does  not  flow  quite  so  readily  in  the 
chutes,  requires  more  mixing  and  has 
a  tendency  to  clog  the  mixer  and 
tools  but  produces  very  little  sweat- 
ing or  leaking  of  forms.  While  I 
have  not  had  an  opportunity  to  test 
samples  of  such  concrete  for  com- 
parison in  the  tensile  and  the  crushing 
machines,  I  am  convinced  from  ob- 
servations in  cutting  holes  in  walls 
and  mass  masonry  and  in  the  destruc- 
tion of  concrete  structures  that  the 
evenly  mixed  concrete  is  the  strong- 
est, and  no  concrete  can  be  moved 
from  the  mixer  and  deposited  in  the 
forms  and  remain  evenly  mixed  if 
there  is  too  much  water  in  it. 

On  any  large  job,  where  the  oper- 
ations were  sufficiently  diversified, 
any  one  who  knew  just  what  he  was 
looking  for  and  equipped  with  a 
good  camera  would  in  a  few  days  of 
w^atching  pick  up  a  number  of  photo- 
graphs, the  comparison  of  which 
would  convince  any  rational  mind- 
ed man  that  the  quantity  of  water 
plays  an  important  part  in  the  mix- 
ing of  concrete.  With  a  dozen  or 
more  photographs,  such  as  I  have  in 
mind,  I  believe  that  I  could  put  up 
a  convincing  argument  along  this 
line. 


Correspondence    □ 

Lack  of  a  Standard  and  Uni- 
foriii  Method  of  Cement  Test 
Require7nentf! 

A  Letter  From  Geo.  F.  Jenkins' 

There  is  one  matter  that  has  been 
to  a  greater  or  less  extent  the  source 
of  a  great  deal  of  concern  to  all  con- 
tractors. That  is  a  lack  of  a  stand- 
ard and  uniform  method  of  cement 
test  requirements. 

At  present  in  almost  all  cases 
where  cement  is  to  be  used  in  any 
considerable  quantity  the  specifica- 
tions require  a  given  number  of  sam- 
ples to  be  taken  from  each  car  and 
shipped  in  sealed  packages  to  the 
owner  or  to  the  engineer's  office,  in 
some  cases  hundred  of  miles,  for 
formal  tests,  from  one  week  to  two 
weeks  before  using.  This  involves 
not  only  a  delay  to  the  work  for 
which  the  cement  is  intended,  but  an 
expense  to  the  contractor  either  of 
handling  and  housing  at  the  risk  of 
rehandling  in  the  event  of  rejection, 
or  it  necessitates,  in  case  of  carload 
shipments,  holding  the  cars  under 
load  at  the  cost  of  demurrage  and 
service  charge  pending  acceptance  or 
rej  ection. 

Most  cement  manufacturers  pro- 
vide storage  bins  at  their  Avorks 
where  accepted  cement  can  be  held 
for  shipment  on  any  special  order, 
but  the  owners,  particularly  railroad 
companies,  are  not  always  willing  to 
allow  inspection  and  storage  at  the 
mill. 

It  is  possible  that  if  this  subject 
is  taken  up  and  discussed  through  the 
columns  of  your  publication  in  your 
usual  forceful  manner,  it  will  result 
in  some  relief  to  the  contractor  and 
should  be  of  mutual  interest  both  to 
him  and  to  the  owner. 


Industrial  Canada  has  just  pub- 
lished a  report  of  manufactured  ar- 
ticles imported  by  Canada  from  the 
U.  S.  in  the  year  ending  Mar.  31, 
1914.  Among  the  imports  were 
nearly  $300,000  worth  of  Portland 
cement  and  these  figures,  which  seem 
quite  staggering,  and  the  facts  con- 
cerning them  have  not  been  thor- 
oughly understood.  Owing  to  the 
late  opening  of  navigation  and  the 
difficulty  of  getting  across,  a  large 
portion  of  the  Canadian  Northwest 
was  left  bare  of  cement  for  part  of 
1913  and  in  order  to  keep  construc- 
tion going  immense  volumes  of 
American  cement  were  rushed  in  to 
fill  the  temporary  void  caused  by  the 
conditions  mentioned. 


'Geo.  B.  Swift  Co.,  Inc.,  Gen.  Contrs.,  Chi- 
cago 
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Organizations      °    Mew  Books 


American  Concrete  Institute,  Charles 
L.  Fish,  Secretary,  Harrison  Building, 
Philadelphia,  Pa. 

American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  538  S.  Clark 
St.,  Chicago. 

American  Highway  Association,  I.  S. 
Pennybacker,  Jr.,  Executive  Secretary; 
Charles  P.  Light,  Business  Manager;  Col- 
orado  Bldg.,   Washington,   D.   C. 


American  Road  Builders'   Association, 
Secretary,  E.  L.  Powers,  150  Nassau  St., 

N.  y.  c. 


Association  of  American  Portland  Ce- 
ment Manufacturers,  Percy  H.  Wilson, 
Secretary,  Bellevue  Court  Building, 
Philadelphiji,  Pa, 

Cement  Products  Exhibition  Co.,  208 
S.  LaSalle  St.,  Chicago,  111.;  J.  P.  Beck, 
General  Manager.  Chicago  Cement  Show, 
Coliseum  and  Light  Infantry  Armory. 
Feb.  12-19,  1916. 

Iowa  Association  of  Cement  Users,  Sec- 
retary, H.  H.  Dean,  Glenwood,  la. 

National  Conference  on  Concrete  Road 
BuUding,  J.  P.  Beck,  Sec,  208  S.  LaSalle 
St.,  Chicago. 

Mid  West  Cement  Users'  Association, 
Secy.-Treas.,  Frank  Whipperman,  Omaha, 
Neb. 


Of  the  new  uses  of  concrete  there 
seems  to  be  no  end  and  the  latest  is 
in  connection  with  a  dummy  war  fleet 
which  is  reported  to  have  sailed  to 
block  the  Kiel  canal  and  prevent  the 
German  vessels  from  getting  out.  It 
is  needless  to  say  that  this  war  strat- 
egy could  not  have  been  brought  to 
a  successful  conclusion  unless  ce- 
ment were  used  to  fill  the  holds  of 
the  vessels  and  thus  lower  them  in 
the  water.  The  plan  as  described 
was  to  take  a  number  of  old  steam- 
ships, bought  from  the  merchant 
service,  including  ships  like  the  Cam- 
pania, Oruba  and  Orotave,  which 
have  been  fitted  with  dummy  funnels, 
wooden  turrets  and  guns  and  their 
holds  filled  with  cement  to  lower 
them  in  the  water.  This  will  make 
them  torpedo  proof,  it  is  explained, 
because,  owing  to  the  hardness  of  the 
cement,  a  torpedo  exploding  would 
only  rip  off  a  plate  or  two  in  the 
hull.  An  outside  belting  of  cement 
has  been  added  to  the  hulls  of  these 
dummy  warships  to  protect  the  en- 
gines and  boilers.  The  report  of  a 
battle  between  a  German  torpedo  and 
a  dummy  ship  loaded  and  belted  with 
concrete  is  yet  to  l)e  made  but  tlie 
result  will  be  awaited  with  interest. 
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Concrete  Pile  Standards.  By  Hun- 
ley  Abbott,  Vice-Pres.  and  Chf. 
Engr.,  MacArthur  Concrete  Pile  & 
Foundation  Co.,  paper,  9"  x  12", 
59  pp.,  illust.,  $0.50. 
This  booklet  contains  drawings, 
specifications  and  other  data  pre- 
pared for  the  assistance  and  conven- 
ience of  engineers,  architects,  and  de- 
signers who  have  to  prepare  specifi- 
cations and  plans  for  concrete  pile 
foundations.  It  is  divided  into  five 
chapters,  i.  e.,  standard  details  of  re- 
inforced concrete  pile  caps,  full  ex- 
planation of  their  design  and  large 
scale  dimensioned  drawings  showing 
the  arrangement  and  spacing  of  piles 
and  the  design  and  reinforcement  of 
pile  caps  for  pile  clusters  of  from 
one  pile  to  25  piles,  under  the  as- 
sumption that  each  pile  takes  a  load 
of  30  tons,  with  a  table  giving  the 
thickness  of  cap  required  if  the  per- 
missible load  per  pile  is  35  tons ; 
standard  specifications  for  all  types 
of  concrete  piles  with  special  clauses 
referring  to  pedestal  piles,  Ray- 
sum  and  lime  companies ;  and  statis- 
molded  piles ;  concrete  vs.  wooden 
piles  (a  comparison  of  costs  under 
various  soil  conditions)  ;  detailed  des- 
cription and  drawing  showing  the 
method  of  testing  a  concrete  pile; 
and  the  theory  of  pile  support,  with 
actual  values  for  friction  and  bear- 
ing quoted  from  recognized  authori- 
ties. 

The  author  has  touched  on  practi- 
cally every  step  in  the  design  of  con- 
crete pile  foundations  and  much  time 
and  expense  may  te  saved  b}'  the  use 
of  these  standards. 


Gas,  Gasoline  and  Oil-Engines .  By 
Gardner  D.  Hiscox,  M.  E.,  and 
Victor  W.  Page,  M.  E.,  cloth,  6"  x 
9",  640  pp.,  435  figs.  The  Nor- 
man W.  Henley  Pub.  Co.,  $2.50. 
This  is  the  revised,  21st  edition  of 
what  has  always  been  a  most  complete 
treatise  on  modern  explosive  motor 
design  construction,  management  and 
application.  The  present  volume  de- 
fines clearly  the  elements  of  internal 
combustion  engineering,  treating  ex- 
haustively on  the  design,  construc- 
tion and  practical  application  of  all 
forms  of  gas,  gasoline,  kerosene  and 
crude  petroleum  oil  engines,  and  at 
the  same  time  describing  minutely  all 
auxiliary  systems,  such  as  lubrica- 
tion, carburetion  and  ignition.  It 
also  considers  the  theory  and  man- 
agement of  all  forms  of  explosive 
motors  for  stationary  and  marine 
work,  automobiles,  aeroplanes  and 
motor  cycles,  including  also  producer 
gas  and  its  production. 


Robert  F.  Hall  Succeeds  J.  P. 
Beck  As  "Universal"  Pub- 
licity jNIanager 

Announcement  has  been  made  of 
the  resignation  of  J.  P.  Beck  as  pub- 
licity mgr.  of  the  Universal  Port- 
land Cement  Co.,  Chicago.  He  will 
be  succeeded  by  Robert  F.  Hall,  who 
'  for  several  years  has  been  connected 
with  the  sales  department  of  the  Uni- 
versal Co.  Mr.  Beck  has  been  with 
the  company  for  eight  yrs.  No  state- 
ment of  his  future  plans  has  been 
made  public.  He  has  made  a  wide 
acquaintance  in  the  cement  and  con- 
crete field,  especially  through  his  po- 
sition as  manager  of  the  Cement 
Products   Exhibition  Co. 

Robt.  F.  Hall,  who  succeeds  J.  P. 
Peck  as  publicity  mgr.  of  the  Uni- 
versal Portland  Cement  Co.,  has 
spent  the  last  six  yrs.  in  the  sales 
department  of  the  company.  He  is 
well  known  throughout  the  cement 
industry  because  of  his  activities  in 
its  Assn.  Mr.  Hall  is  a  graduate  of 
the  Univ.  of  Mich.,  where  he  com- 
pleted the  Academic  course  in  1894 
and  the  law  in  1895.  He  is  a  resi- 
dent of  Chicago,  having  begun  the 
practice  of  law  there  on  leaving  col- 
lege, in  the  office  of  A.  W.  Green, 
now  pres.  of  the  National  Biscuit  Co. 
He  held  an  important  position  with 
that  company  before  going  into  the 
cement  business  with  the  Universal. 


An  interesting  feature  in  the  use 
of  concrete  on  the  farm  is  afforded 
in  an  address  of  Dr.  Graham,  head 
of  the  Long  Island  Agricultural 
School,  to  the  farmers  of  the  island. 
In  his  talk  he  referred  to  the  fact 
that  from  the  beginning  of  the  Ex- 
tension Department,  the  desire  had 
existed  to  instill  into  the  minds  of 
Long  Island  farmers  the  necessity 
of  up-to-date  silos  in  which  the  feed 
will  not  rot.  The  concrete  silo,  he 
stated,  is  the  only  logical  receptacle. 
In  order  to  increase  the  use  of  this 
form  of  silo,  he  stated  that  he  would 
be  willing  to  superintend  the  erection 
of  concrete  silos  on  their  farms,  but 
that  when  he  made  the  offer,  he  did 
not  think  that  15  acceptances  would 
be  received  in  such  a  short  time. 
Therefore,  he  said,  he  had  been  com- 
pelled to  send  out  an  experienced 
man  to  show  the  farmers  how  to  use 
the  steel  frames  which  the  school  is 
loaning.  Certainly  this  is  an  inter- 
esting development  in  the  use  of  con- 
crete on  the  farm  and  similar  experi- 
ences will  doubtless  await  many  of 
the  older  agricultural  schools  which 
])rocced  in  the  same  direcion. 
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An  Inexpensive  Bucket  and  Hoist  for 
Concrete  Handling 


By  E.  H.  Owen 


The  following  is  a  description  of 
an  inexpensive  "home-made"  bucket 
and  hoist  for  handling  concrete  in 
relatively  small  quantities  used  by 
the  Bay  City  Stone  Co.  in  construct- 
ing the  concrete  warehouse  for  the 
Jennison  Hardware  Co.^  at  Bay  City, 
Mich. 

The  building,  designed  by  Adams 
&  Cummins,  Detroit,  follows  the 
outer  lines  of  an  area  trapezoidal  in 
shape,  200'  long,  83'  wide  at  north 
end  and  140'  wide  at  south  end,  and 
consists  of  a  low  two-story  rein- 
forced structure  of  loose  rod  beam 
and  girder  type,  18'  wide  on  north 
and  west  and  21'  wide  on  east  and 
south,  surrounding  a  center  "court" 
which  is  covered  with  a  roof  of  mill 
construction  supported  by  wooden 
posts  and  the  inner  edge  of  the  con- 
crete roof,  and  rises  above  the  con- 
crete structure  to  form  a  monitor. 

The  second  floor  is  9'  6"  and  the 
concrete  roof  about  18'  above  grade, 
except  on  south  side  where  the  sec- 
ond floor  is  11'  5"  and  roof  about 
23'  above  grade. 

A  Standard  Machine  Co.'s  mixer* 
driven  by  a  Novo  gas  engine^  was 
placed  just  inside  of  the  east  gallery 
south  of  the  center  line  of  the  build- 
ing and  fed  a  wooden  hopper  dis- 
charging to  wheelbarrows  for  all 
foundation  work. 

The  capacity  of  mixer  necessitated 
1-bag  batches,  using  bank  gravel  in 
the  proportion  of  1 :4l4  for  floors 
and  roof. 


^Asst.  Engr.,  Larrowe  Const.  Co.,  Detroit 
*Novo  Engine  Co.,  Lansing,  Micli. 


this  runway  the  bucket  and  hoist 
were  installed  over  Sunday,  the  buck- 
et dumping  into  a  wooden  hopper 
above  the  second  floor,  which  dis- 
charged to  barrows  on  runways  on 
the  floor,  as  shown  in  Fig.  1.  A 
closer  view  of  the  bucket  is  shown  in 
P'ig.  2. 

The  result  of  the  four  das.  run 
without  bucket  has  been  compared 
with  the  six  das.  run  on  the  same 
floor  with  the  bucket  and  the  follow- 
ing is  noted: 

The  average  rate  of  placing  con- 
crete increased  from  3A5  cu.  yds. 
per  hr.  to  5.4,5  cu.  yds.  with  bucket, 
and  the  labor  cost  dropped  from  82 
cts.  per  cu.  yd.  to  62  cts.  per  cu.  yd., 
showing  a  diff'erence  of  20  cts.  per 
cu.  yd.  for  the  total  of  203.2  cu.-yds. 
poured  with  the  bucket  on  this  floor, 
itemized  as  follows: 

Second   Floor 
13  laborers  without  bucket. 


5/20 
5/21 
5/22 
5/23 


Ave. 

6/1 

5/25 
5/26 
5/27 
5/28 
5/29 


Delays  account  showers,  etc 


Yds. 

Labor  cost 

per  hr. 

per  yd. 

3.4 

.83 

3.9 

.73 

3.3 

.85 

3.2 

.88 

4    13.8 

41  3.29 

3.45 

.82+ 

6.1 

.59 

ers,  etc. 

4.8 

.71 

5.7 

.60 

5.5 

.58 

5.4 

.63 

5.2 

.70 

Fig.  1 — 'Self-Dumping  Bucket  Dis- 
CHARGIX6  INTO  Wooden  Hopper  Above 
2nd  Floor 


Shepper  &  Covert,  Bay  City,  were 
engaged   to   make   the   self-dumping 
bucket  for  use  on  work  above  grade 
but  before  its 
c  0  m  p  1  e  t  ion  a 
start    was    made 
on  the  west  gal- 
lerj^  by  means  of 
barrows    and    a 
runway    from 
grade.       After 
four    das.    using 


5.45 


.625 


Ave 

1   ena;ineman,  14  laborers  with  bucket. 

Total   yds.   second   floor  poured   with  bucket, 

203.2 
Labor  cost  difF.  =  .20  X   203.2  =  $40.64 
203.2  203.2 

Saving   in    time   —  =    21    hrs.   = 

3.45  5.45 

2.3   9-hr.  das.  at  $20  =  $46  bonus 


Fig.  2 — Filling  Self-Dumping  Bucket  Prior  to  Hoisting 


Fic.   3 — Sketch     Showing    Det.\ils    of    "Home-Made"    Self- 
Dumping  Bucket 
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The  self-dumping  bucket  and  gate 
for  the  lower  wooden  hopper  cost 
$17  and  the  total  cost  of  materials 
and  labor  of  building  tower,  rigging, 
etc.,  was  $22.60,  making  a  total  of 
$39.60  for  this  equipment,  the  items 
being  as  follows: 

Bucket  and  gate  $17.00 

2  carpenters.  4  hrs.  at  37%  cts...$  3.00 
2  carpenters,  8  hrs.  at  37%  cts...     6.00 

2  carpenters,  8  hrs.  at  35  cts 5.60 

2  carpenters,  4  hrs.  at  37%  cts...     3.00 

17.6P 

Lumber     3.00 

Bolts     ■'S 

Gate   for   hopper 1-25 

$39.60 

Covert  said  to  have  lost  $5.00  on  bucket 

No  charge  is  made  for  use  of 
hoisting  engine,  sheaves  and  cable  as 
they  were  to  be  used  later  for  other 
purposes  and  such  charge  would  be 
approximately  offset  by  a  like  charge 
for  partial  use  of  runway  before 
mentioned. 

The  bucket  and  hopper  were  later 
raised  to  pour  about  200  cu.  yds.  on 
the  roof. 

The  saving  of  time  was  an  im- 
portant item  as  the  contractors  were 
working  under  a  bonus  and  forfeit 
clause  of  $20  per  da.  The  saving  of 
21  hrs.  or  2.3  9-hr.  das.  represents 
a  bonus  of  $46. 

In  figuring  labor  cost  the  time  of 
an  engineman  for  hoister  and  for 
one  laborer  is  included  in  the  figures 
for  work  with  the  bucket.  Neverthe- 
less, the  saving  in  labor  for  the  203.2 
cu.  yds.  at  20  cts.  equals  $40.64. 

The  sketch  of  the  bucket  shown  in 
Fig.  3  is  self-explanatory.  The 
bucket  ran  in  plank  guides  of  usual 
construction  in  a  wooden  tower  with 
a  plank  guide  in  front  of  the  rollers 
which  guide  was  provided  with  steel 
plates  full  length  stopped  off  and 
bent  over  at  proper  height  to  allow 
the  gate  to  be  forced  open  by  the 
weight  of  the  concrete,  and  to  close 
automatically  as  the  bucket  was  low- 
ered. 

Very  little  trouble  was  experienced 
with  leakage  or  clogging  of  the  gate, 


although  it  can  be  seen  that  in  this 
respect  the  design  of  the  bucket  could 
be  improved  with  little  or  no  addi- 
tional expense. 

The  absence  of  thrust  upon  the 
tower  usual  in  the  common  type  of 
self-dumping  buckets  was  an  impor- 
tant consideration  in  its  favor. 


In  connection  with  a  bill  now  be- 
fore the  governor  of  the  state  of  N. 
Y.,  autliorizing  the  Borough  of  Man- 
hattan  to   make   a   contract   for   the 
erection  of  a  garbage  destructor,  T. 
Hugh  Boorman  has  made  an  interest- 
ing suggestion.     In  discussing  a  re- 
cent paper  before  the  Am.   Soc.   of 
Civ.    Engrs.,    he    proposes    that    the 
ultimate   disposition  of  the   garbage 
shall   be   in   the   making   of    clinker 
which  when  properly  crushed  may  be 
used  in  the  construction  of  concrete 
and  cement  sidewalks.     In  referring 
to  the  subject,  Mr.  Boorman  called 
attention  to  investigations  of  munic- 
ipal   sewage    destruction    plants    in 
England  and  stated  that  it  was  com- 
mon practice  to  make  clinker  for  con- 
crete purposes  and  that  in  the  Bor- 
ough of  Kensington,  London,  the  mu- 
nicipality   used    the    clinker    in    the 
manufacture  of  asphalt  block.     Com- 
mercially speaking,  N.  Y.  is  so  ad- 
vantageously situated  for  the  deliv- 
ery on  the  job  of  the  best  concrete 
materials,  that  it  is  a  little  doubtful 
that     municipally     prepared     clink- 
er  from  sewage   destruction  will  be 
as  economically  available  as  it  would 
be  in  a  city  less  advantageously  sit- 
uated    with     reference    to     concrete 
stone  distribution.     However,  if  the 
municipal    engineering    departments 
were  to  decide  upon  the  availability 
of  the  material,  it  would  be  an  easy 
matter  to  specify  it  in  municipal  con- 
tracts and  thus  provide  a  ready  mar- 
ket for  the  waste  product  of  the  gar- 
bage  destructor  now  under  contem- 
plation. 


Difficulties  in  Construction 
Cost  Accounting 

Leslie  H.  Allen,  of  the  Aberthaw 
Const.  Co.,  Boston,  in  discussing  his 
paper  before  the  Boston  Soc.  C.  E., 
states  that  one  of  the  great  difficul- 
ties  in   construction  cost  accounting 
lies  in  the  constant  change  of  work 
asd  change  of  men  on  the  job.     Men 
who  work  for  a  day  digging  a  trench 
are    later    transferred    to    unloading 
steel  or  working  hand  pumps.     Car- 
penters   who    are    placing    concrete 
forms  one  day  in   gangs  of  two  or 
three  may  the  next  week  be  hanging 
doors  or  jointing  in  sash  singly.  The 
job  may  start  with  10  men  and  in  3 
wks.    be   employing    100,   increasing 
later  to  150,  and  then  drop  to  20,  3 
wks.  before  the  job  closes.     There  is 
no  continuity  of  operation  which  can 
be   systematized,   and   as    soon   as   a 
man    has    reached    efficiency    on    one 
operation   he   is   likely  to   be  trans- 
ferred to  an  entirely  different  piece 
of  work.     All  of  this  work  is  done 
in  the  open  air  under  varying  tem- 
perature    and     weather     conditions. 
For  all  of  these  reasons  the  fluctua- 
tions in  daily  and  weekly  costs  are 
very    great    and    need    very    careful 
watching. 


CoNCHETE  Rom        i    i    ' 
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Rat-proofing  as  a  municipal  prob- 
lem for  reducing  plague  is  occupy- 
ing much  attention  in  New  Orleahs. 
With  its  large  dock  front  the  Cres- 
cent City  has  for  many  years  been 
subjected  to  various  diseases  dissem- 
inated  through   rats   and  to   obviate 
and  permanently  cure  this  trouble  an 
enormous   amount  of   concrete  work 
has  been  done  along  the  dock  front. 
Since   Oct.    3,    1914,   when   the   rec- 
ords of  this  class  of  work  were  start- 
ed, 314,000  sq.   yds.  of  concrete   at 
least  3I/2"  thick  has  been  laid  or  in 
other  words,  enough  to  build  a  con- 
crete sidewalk  3'  wide  and  178  mi. 
long.     The  method  used  is  to  cover 
the  ground  area  of  the  structure  to 
be  rat-proofed  to  a  depth  of  at  least, 
2'  in  the  ground  and  in  frame  build-; 
ings  with  double  walls  the  foundation 
wall  must  extend  to  a  height  of   1' 
above  the  floor  level  except  at  natur- 
al  and   necessary   openings    such   as: 
doors.   Ordinary  traps  and  poisoning 
have  proven  ineffective  owing  to  the 
liigh  birth  rate  of  rats  and  it  would 
seem    that    the    rat-proofing    of    the 
warehouses,  buildings,  railway  sheds 
and  other  edifices   along  the  water- 
front is   the   only   practical  way   of 
accomplishing   the    desired    purpose. 
This  is  only  another  illustration  of 
the    many    uses    of    concrete    which 
seems  to  be  proving  a  remedy  for  al- 
most all  modern  ills. 

May,  1915 


CONCRETE-CEMENT  AGE 


A  One-Story  Machine  Shop  at  Norfolk  Downs, 
Mass. — Designed  for  Two  Additional  Stories 


\y  self-supporting,  being  designed 
for  live  weights  of  12/5  lbs.  per  sq. 
ft.  This  floor  was  centered  over  two 
exterior  bays  in  order  to  form  a  pipe 
trench  for  heating  returns,  sprinkler 
))iping,  etc. 

To  carry^  electric  wiring,  sprinkler 


The  machine  shop  shown  in  Figs. 
1  and  2  and  described  in  the  follow- 
ing article  was  constructed  for  the 
Pneumatic  Scale  Corporation  at  Nor- 
folk Downs,  Mass.,  being  so  designed 
that  at  any  time  in  the  future  two 
more  stories  may  be  added.  The  roof 
of  the  present  building,  which  will 
ultimately  form  the  second  floor,  is 
•perfectly  flat,  while  the  coping 
around  the  edge  represents  the  cur- 
tain walls  or  wall  beams  for  the  sec- 
ond story.  Fig.  1  shows  the  relation 
of  the  new  building  to  the  previous 
wooden  building,  which  is  partly  of 
one  story  and  partly  of  two  stories. 

GENERAL     DESIGN 

The  new  shop  is  extremely  light, 
as  shown  by  Fig.  2.  It  is  built  with 
a  flat  ceiling,  supported  by  the  usual 
mushroom  columns,  18"  x  18'',  with 
mushroom  head  in  the  form  of  an 
octagon  4'  Q"  in  diameter,  as  shown 
in  Figs.  3  and  4.  The  net  height  of 
the  story  from  floor  to  ceiling  is  15', 
while  both  floors  above  and  below  are 
"8"  thick,  of  reinforced  concrete. 
The  building  measures  131'  along- 
side the  previous  building,  by  90'  in 
the  other  direction,  and  is  rectangu- 
lar. 

Because  of  the  swampy  character 
of  the  site,  which  is  only  about  15' 
above  sea  level,  the  structure  rests  on 
174  concrete  piles,  18"  in  diameter 
and  about  40'  long.  There  are  four 
piles  under  each  column  footing  and 
three  under  each  wall  column,  as 
shown  in  Fig.  4.  The  spacing  of 
columns  is  17'  6"  by  18'  31/2".  Each 
laay  around  the  three  open  sides  is 
•occupied  by  a  window  11'  8"  high, 
measured  downward  from  the  ceil- 
ing line.  The  whole  circuit  of  these 
three  sides  of  the  building  is  glass, 
except  for  the  wall  columns,  which 
vary  from  26"  to  271/2"  in  width  be- 
tween windows.  The  windows  are 
ihus  15'  4"  wide  on  the  two  short 
sides  of  the  building  and  16'  on  the 
long  side. 

Both  floors  are  reinforced  by  cross 
and  diagonal  bands,  consisting  in 
•each  of  the  four  directions  of  %-in. 
round  rods,  6"  o.  c,  passing  over  the 
center  of  the  interior  columns.  The 
interior  columns  themselves  have 
four  1-in.  rods,  vertically  tied  to- 
gether by  %-in.  hoops,  12"  apart. 
The  wall  columns  have  similarly  six 
vertical  rods,  tied  together  in  the 
same  way.  These  wall  columns  are 
18"  thick,  the  curtain  walls  being  6" 
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Fig.  1 — View  of  One-Stoky  Machixe  Shop  for  the  PxEUMA'nc  Scale  Corpoeatiok 
AT  Norfolk  Downs.  Mass. 


Fig.  2 — Interior  View  of  Machine  Shop  at  Norfolk  Downs,  Mass. 
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Fig.  3 — Partial  Elevation  and  Cross-Section  of  Machine  Shop  at  Norfolk  Downs, 
Mass. 


and  the  foundation  walls  14".  Both 
floor  slabs  have  granolithic  finish. 
The  coping  above  the  present  roof 
has  a  height  of  2'  4". 

After  the  interior  piers  had  been 
built  and  before  the  first  floor  was 
laid  the  site  was  filled  to  a  height  of 
about  4'  up  to  the  ground  floor,  with 
material  taken  from  a  nearby  hill. 
The  ground  floor  was  laid  upon  this 
fill  but  so  reinforced  that  it  is  entire- 


piping  and  for  other  purposes,  inserts 
are  located  midway  between  the  lines 
of  columns  in  each  direction,  to- 
gether with  one  in  the  center  of  each 
rectangle  marked  off"  by  columns. 
Besides  these,  special  inserts  for  spe- 
cific purposes  are  located  in  other 
positions.  The  wiring  provides  for 
35  fixed  lights,  one  in  the  center  of 
each  bay,  as  shown  in  Fig.  2.  The 
sprinklers  are  located  8'  9"  apart  in 
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Fig.  4 — Sketch  Showing  Details  of  Reinforced  Concrete  Footings,  Columns,  Slabs 
AND  Beams  for  the  Machine  Shop  at  Norfolk  Downs,  Mass. 


one  direction  by  10'  8I/2''  in  the 
other.  They  are  supplied  with  water 
from  a  6-in.  feed  line  from  a  pres- 
sure tank  in  the  old  building  and 
have  as  secondary  supply  a  6-in. 
connection  with  the  city  main.  There 
are  131  heads. 

CONSTRUCTION   NOTES 

The  aggregate  was  delivered  on 
the  site  by  wagons  and  trucks  and 
the  sand  was  teamed  from  a  local  pit. 
A  Smith  mixer'  was  used  with  a 
capacity  of  four  bags  per  batch,  the 
mix  being  in  all  cases  1 :2 :4,  with  the 
exception  of  the  ground  floor  which 
was  1:21/^:5.  A  short  steel  tower 
was  used  with  a  hoisting  engine  and 
MacMillan  bucket."  The  forms  were 
all  of  wood  and  were  carefully  laid 
out  in  advance  of  use  with  the  idea 
of  minimizing  on  the  work  actually 
in  the  building.     They  consisted  of 


'The   T.   L.   Smith   Co.,    3108-A    Hadley   St., 
Milwaukee 


ly^-'vR..  boards  for  columns  and 
beams  and  %-in.  N.  C.  pine  for  the 
slabs,  the  latter  being  all  on  the 
loose  board  system. 

The  building  was  designed  and 
erected  by  the  Aberthaw  Const.  Co., 
Boston. 


Down  in  Delaware  where  truck- 
farming  is  the  principal  industry  the 
college  at  Newark  in  that  State  has 
instituted  a  test  for  the  purpose  of 
determining  the  relative  merits  of 
concrete  and  frame  buildings  for  the 
storage  of  vegetables.  A  building 
lias  been  erected  consisting  of  a  con- 
crete basement  and  two  upper  stories 
of  frame.  So  far  the  experiment 
has  controverted  the  common  state- 
ment that  concrete  is  damp  and  not 
adapted  for  the  storage  of  vegeta- 
bles. Up  to  date  the  test  has  con- 
sisted of  a  record  of  the  moisture 
prevailing  in  each  department  of  the 


building  and  thus  far  the  instru- 
ments show  a  condition  entirely  fav- 
orable to  concrete,  thus  indicating 
that  it  is  admirably  suited  for  the 
purpose  described,  as  well  as  pos- 
sessing tlie  further  advantage  of  be- 
ing more  durable  and  fireproof. 


When  California  starts  out  to  do 
things,  it  does  them  in  a  big  way  and 
when  she  builds  roads,  she  does  not 
buy  her  cement  on  a  retail  carload 
basis,  but  goes  into  it  on  a  magnifi- 
cent scale.  According  to  recent  ad- 
vices from  San  Bernardino  in  that 
state,  the  County  Comm.  has  just 
decided  to  start  the  new  country 
highway  system  on  the  road  known 
as  Colton  Ave.,  which  is  to  be  part 
of  the  ocean-to-ocean  highway.  Just 
by  the  way  of  a  beginning,  $1,750,- 
000  in  bonds  have  been  floated  for 
the  enterprise  and  to  the  Cal.  Port- 
land Cement  Co.,  Colton,  a  contract 
for  furnishing  cement  up  to  200,000 
bbls.  has  been  awarded.  Things  like 
this  make  one  believe  that  there  is 
some  value  after  all  in  the  campaign 
for  Good  Roads — which  mean  con- 
crete roads. 


As  time  rolls  by  and  investigation 
is  made  into  some  of  the  forts  in 
Belgium  which  the  Germans  took 
after  a  much  shorter  period  of  at- 
tack than  was  expected,  discoveries 
are  made  as  to  the  conditions  of  the 
fortresses  themselves.  The  last  re- 
port in  connection  with  the  forts 
around  Antwerp  and  also  at  Namur 
is  that  while  the  plans  and  positions 
were  of  the  best  and  the  ordnance 
used  to  defend  the  forts  was  beyond 
criticism,  the  steel  and  concrete  and 
stone  work  were  of  poor  quality.  At 
Namur  it  was  found  that  the  con- 
crete supporting  one  steel  turret  was 
so  poor  in  quality  that  a  single  Ger- 
man shell  demolished  it.  Allegations 
of  graft  are  being  made  in  connec- 
tion with  the  construction. 


The  15th  annual  summer  ses- 
sion of  the  Coll.  of  Engrg.  of  the 
Univ.  of  Wis.  will  be  held  at  Madi- 
son during  the  six  wks.  period  be- 
ginning June  21.  Special  courses 
will  be  given  in  electrical,  steam  and 
hydraulic  engrg.,  gas  engines,  ma- 
chine design,  mechanical  drawing, 
mechanics,  shopwork  and  surveying. 
All  courses  given  in  the  university 
summer  session  are  open  to  engin- 
eering students.  Special  courses 
have  been  arranged  for  manual  arts 
and  vocational  teachers.  F.  E.  Tur- 
neaure,  Madison,  Wis.,  is  dean. 
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Figs.   1  to  4 — Progress  Views  of  Construction  of  Austin-Nichols  &  Co.'s  Warehouses,  East  River  Waterfront,  Brooklyn-, 
N.  Y. 


Concrete  Plant  Used  on  the  Austin-Nighols 
Building  at  Brooklyn,  N.  Y/ 


By  T.  Arthur  Smith^ 


The  Austin  Nichols  warehouse, 
shown  in  the  accompanying  illustra- 
tions, is  situated  at  Kent  Ave.  and 
North  Third  St.,  in  Brooklyn,  N.  Y. 
The  structure  is  440'  x  178'  8"  in 
plan,  six  stories  and  basement  in 
height,  the  story  heights  being  12' 
6"  from  floor  to  floor.  Each  typical 
floor  bay  is  W  6I/2"  x  19'  5"  and 
is  carried  on  2-f t.  x  7-in.  beams  fram- 
ing into  2-ft.  5-in.  x  12-in.  girders, 
which  frame  into  the  columns.  The 
building  extends  from  Kent  Ave. 
along  North  Third  St.  to  the  bulk- 
head line  of  the  East  River,  immed- 
iately alongside  of  one  of  the  railway 
terminals,  tracks  from  which  enter 
the  second  story  of  the  warehouse. 
These  tracks  are  carried  on  steel  gir- 
ders and  columns  as  shown  in  Fig.  5 
but  the  entire  remainder  of  the  build- 
ing is  of  reinforced  concrete,  the 
structure  being  of  the  regular  col- 
umn, girder  and  slab  type. 

The  contract  for  the  erection  of 
the  Austin-Nichols  warehouse  was 
awarded  Dec.  12,  1913,  and  called 
for  its  entire  completion  by  Sept.  1, 
1914.  Failure  to  deliver  the  build- 
ing complete    by    this    date   would 


^Abstracted  from  a  paper  presented  at  the 
llth  Annual  Convention  of  the  Am.  Concrete 
Inst. 

^Gen.  Supt.,  Turner  Const.  Co.,  N.  Y.  C. 
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have    subjected   the   contractor   to   a 
heavy  penalty. 

For  concreting  foundations,  a  Ran- 
yd.  capacity,  was  set  up  west  of  the 
center  of  the  building  on  North  Third 
some  mixer,^  motor-driven,  of  I/2  cu. 
St..  the  level  of  the  street  at  this 
point  being  about  8'  above  the  gen- 
eral excavation  level.  The  concrete 
was  discharged  into  a  box,  from 
which  it  was  wheeled  in  concrete 
carts,  of  6  cu.  ft.  capacity,  to  the 
footings.  Adjacent  to  this  mixer 
was  placed  a  vertical  boiler  of  25- 
h.p.  capacity,  the  steam  from  which 
was  used  to  heat  water  for  the-  con- 
crete, and  to  thaw  out  frozen  sand 
and  gravel.  Over  each  footing  con- 
creted in  freezing  weather  was 
placed  a  collapsible  framework,  cov- 
ered with  heavy  burlap,  inside  of 
which  was  placed  a  salamander  burn- 
ing coke  (see  Fig.  1).  This  method 
of  preventing  the  concrete  from 
freezing  proved  entirely  satisfactory 
and  made  it  possible  to  concrete  re- 
gardless of  temperature.  The  mixer 
was  used  while  the  excavation,  piling, 
pumping,  etc.,  interfered  with  the 
erection  of  the  permanent  concrete 
plants. 


5Ransome  Concrete  Mchy.  Co.,  Dunellen,  N. 


Serious  difficulties  were  encounter- 
ed in  excavation  and  driving  of  piles, 
due  to  the  presence  of  old  brick  and 
concrete  foundations,  cribs,  etc. ; 
also,  severe  cold  and  heavy  snow 
storms  in  Feb.  materially  delayed 
the  progress  of  excavation  and  pil- 
ing, hence  holding  up  the  concreting 
of  foundations. 

Piling  was  completed  Apr.  7,  1914. 
Exacavation  Apr.  7,  1914. 
Foundations  Apr.  11,  1914. 

To  complete  the  building  entirely 
by  Sept.  1,  1914,  required  that  the 
roof  be  finished  by  July  1,  and  all 
concrete  work,  excepting  floors,  be 
completed  by  July  15.  This  re- 
quired the  placing  of  19^620  cu.  yds. 
prior  to  July  15. 

The  general  layout  of  the  plans 
used  in  the  erection  of  the  building 
is  shown  in  Figs.  5  and  6. 

UNLOADING    AND    CONCRETE    EQUIP- 
MENT 

The  layout  of  the  unloading  der- 
rick, storage  bins,  concrete  mixers 
and  hoists  is  shown  in  detail  in  Figs. 
7,  8  and  9-  Sand  and  gravel  were 
delivered  alongside  the  bulkhead,  ad- 
jacent to  the  storage  bins,  on  scows 
of  about  400  cu.  yds.  capacity.  A 
derrick  equipped  with  a  clam-shell 
bucket  of  1%-cu.  yds.  capacity  un- 
loaded these  scows  into  storage  bins 
holding  100  cu.  yds.  of  sand  and  200 
cu.  yds.  of  gravel.  This  derrick  is 
shown  in  Fig.  9- 

It  was  operated  by  a  35-h.p.  three- 
drum  hoisting  engine*  with  cylinders 
9"  X  10".     For  swinging  the  derrick 


*Meade-Morrison  Mfg.  Co.,  N.  Y.  C. 
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a  separate  engine  was  installed. 
Power  was  supplied  by  a  50-h.p. 
horizontal  boiler. 

The  sand  and  the  gravel  were  dis- 
charged from  the  bins  through  Ran- 
some  gates/  into  V-shaped  bottom, 
two-way  dump  cars  for  delivery  to 
the  mixers.  Each  car  was  loaded 
with  12  cu.  ft.  of  sand  and  24  cu.  ft. 
of  gravel,  a  steel  partition  separat- 
ing these  materials. 

One  car  was  used  to  convey  this 
material  to  Mixer  No.  1,  and  was 
pushed  by  hand  from  the  storage  bin 
to  the  mixer.  For  charging  Mixer 
No.  2,  a  double  track  of  2-ft.  6-in. 
gauge  was  laid  from  the  bin  to  the 
mixer,  on  which  two  cars  were  oper- 
ated,   as    shown    in    Fig.    5.     These 
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Fig.  5 — 'Sketch  Showixg  Layout  of  Concreting  Plakt  ox  Austix-Nichols   Bldg. 


tracks  were  laid  on  the  first  floor, 
which,  in  order  to  follow  the  grade 
of  North  Third  St.,  sloped  down  8' 
from  Kent  Ave.  to  the  river.  A 
double  drum  Lidgerwood  hoist,'  mo- 
tor-driven, pulled  the  cars  from  the 
bin  to  the  mixer.  These  cars  were 
connected  by  a  tail-line  operating 
around  a  sheave  at  the  bin,  so  that 
the  loaded  car  going  toward  the 
mixer  would  pull  the  empty  car  back 
to  the  bin. 

Owing  to  limited  bulkhead  space 
at  the  building,  it  was  necessary  to 
dock  the  cement  lighters  one  block 
away  and  truck  the  cement  to  the 
building.  Cement  was  stored  adja- 
cent to  each  mixer.  Six  bags  were 
used  in  each  batch. 

Two  Ransome  mixers^  were  in- 
stalled in  the  locations  shown  in  Fig. 
6.  Each  had  a  capacity  of  1  cu.  yd. 
of  concrete  per  batch.  Each  mixer 
discharged  into  a  Ransome'  bucket  1 
cu.  yd.  capacity,  which  was  lioisted 
by  a  single  drum  Lidgerwood  hoist.' 
Power  for  the  operation  of  each  con- 
crete plant  was  furnished  by  a  75- 
h.p.  motor.  Concrete  was  dumped 
from  the  bucket  into  a  box  on  each 

'Lidgerwood  Mfg.  Co..  N.  Y.  C. 


floor  holding  2  cu.  yds.,  from  which 
it  was  wheeled  in  concrete  carts. 

The  use  of  spouts  for  placing  con- 
crete was  carefully  considered.  Rec- 
ords of  the  cost  of  wheeling  concrete 
on  similar  buildings  showed  that  this 
cost  did  not  exceed  9  cts.  per  cu.  yd. 
This  is  based  on  labor  at  37V2  cts. 
per  hr.  doing  this  work.  Assuming 
that  of  the  19,620  cu.  yds.  of  con- 
crete to  be  placed,  16,000  cu.  yds. 
could  be  placed  by  spouting,  the  cost 
of  wheeling  saved  by  this  spouting 
would  be  9  cts.  x  16,000,  or  $1,440. 
Hence  $1,440  would  have  to  cover 
the  cost  of  installing  two  spouting 
outfits  and  the  following  additional 
installations  incidental  to  placing 
concrete  in  this  manner: 

Raising  tower  additional  height. 

Guying  tower. 

Moving  spouts. 

This  analysis  showed  conclusively 
that,  for  this  building,  the  cost  of  the 
spouting  equipments,  plus  the  addi- 
tional installation  cost,  would  mate- 
rially exceed  the  cost  of  wheeling 
concrete. 

EFFICIENT   OPERATION 

The  successful  erection  of  this 
building   was     due     to     the    efficient 


operation  of  the  equipment.  All 
foundation  work  was  finished  Apr. 
1 1  and  the  roof  was  completed  July 
3.  Between  these  dates  17,510  cu. 
yds.  of  concrete  were  placed  in  62 
working  das.,  an  average  daily  out- 
put of  282  cu.  yds. 

The  derrick  was  capable  of  un- 
loading 700  cu.  yds.  of  material  per 
da.  of  8  hrs.  The  average  capacity 
of  each  concrete  plant  was  45  cu.  yds. 
of  concrete  per  hr.  The  largest 
quantity  of  concrete  placed  in  one  da. 
of  81/2  hrs.  was  640  cu.  yds. 

The  efficiency  of  the  equipment  for 
conveying  materials  from  the  bins  to 
the  mixers  was  demonstrated  when, 
due  to  a  slight  breakdown,  the  der- 
rick was  idle  for  one  day.  In  order 
to  keep  one  mixing  plant  in  opera- 
tion, sand  and  gravel  were  wheeled 
from  emergenc}'  storage  piles  on 
North  Third  St.  Charging  one 
mixer  in  this  way  required  22  addi- 
tional men,  and  reduced  the  output 
of  the  plant  to  about  30  cu.  yds.  per 
hr. 

The  total  labor  cost  for  installing 
all  equipment  used  in  the  erection  of 
the  building  amounted  to  20  cts.  per 
cu.  yd.  of  concrete.     It  must  be  borne 
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in  mind,  however,  that  this  cost  does 
not  cover  any  charge  for  material  or 
use  of  plant,  depreciation  or  interest 
on  equipment  investment. 

PERSONNEL 

This  building  was  erected  for 
Havemeyers  &  Elder,  and  leased  by 
them  to  Austin  Nichols  &  Co.,  whole- 
sale grocers.  The  Turner  Construc- 
tion Co.,  11  Broadway,  N.  Y.  C, 
executed  the  general  contract  under 
the  direction  of  Cass  Gilbert,  Archt., 
in  the  contract  period  of  9  mos. 


~Cor  /i  coi^d 


industry  has  adopted  such  a  motto 
.'ind  it  is  well  that  it" is  to  be  used  by 
the  various  manufacturers  on  letter 
paper,  advertisements,  etc.,  for  the 
purpose  of  driving  home  the  message 
tliat  should  be  in  the  mind  of  all  who 
have  construction  work  to  do  or  to  be 
done. 


a  viaduct  having  a  concrete  bed  is 
practically  noiseless."  Thus  con- 
crete finds  another  use  and  the  nerve- 
wracking  noises  that  have  hitherto 
disturbed  the  composure  of  the  com- 
muter will  give  way  to  peaceful  glid- 
ing over  smooth  tracks  and  deadened 
viaducts  while  the  passenger  sweeps 
on  his  way  to  his  happy  home. 


Broomed  surfaces  for  concrete 
roads  are  not  so  common  now  as  they 
were.  Brooming  merely  weakens 
the  surface  and  presents  a  series  of 
projections  which  greatly  increase 
abrasion. 


While  N.  Y.  C.  shows  an  increase 
in  building  permits  over  last  year 
and  to  the  uninitiated  eye  it  would 
seem  that  a  great  demand  for  ce- 
ment was  therefore  imminent  in  that 
locality,  it  must  not  be  forgotten  that 
N.  Y.  C.  is  threatened  with  a  new 
building  law  which  will  cut  down  the 
height  of  buildings.  This  fact  has 
a  great  deal  to  do  with  the  present 


Figs.  6  and  7 — Details  Showing  Sec- 
tions  "A-A"    AND   "B-B"   OF   CONCRET-       Vs 

iNG  Plant  on  Austin-Nichols  Bldg.     ^ 
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Fig.  8 — Section  "C-C"  Showing  Derrick  Equipped  With  1%-ctr.  td.  Clam  Shell 
Bucket^ — Concreting  Plant  on  Austin-Nichols  Bldg. 


Safety  First 

In  these  days  of  industrial  slo- 
gans, such  as  "Safety  First,"  it  is 
gratifying  to  see  that  the  cement 
manufacturers  have  adopted  a  sound 
and  sensible  motto  indicative  of  their 
product.  "Concrete  for  Perman- 
ence" is  a  strongly  descriptive  slo- 
gan for  a  material  which,  properly 
made,  withstands  fire  and  water  and 
improves  constantly  with  age  and 
so  far  as  history  goes  seems  to  en- 
dure   forever.      It   is    well   that   the 
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Concrete  As  a  "Silencer" 

The  Maxim  Silencer  to  deaden  the 
noises  from  firearms  has  caused  all 
sorts  of  discussion  and  fun.  Now 
comes  concrete  as  a  competitor  of  the 
Maxim  silencer  in  the  suppression  of 
noise  caused  by  railroad  trains  over 
viaducts.  A  recent  report  of  the 
gen.  pass.  agt.  of  N.  Y.,  Westches- 
ter &  Boston  Ry.,  states:  "The 
multiple  unit  coaches  operated  by 
this  company  weigh  about  65  tons 
each,  yet  the  passage  of  a  train  over 


rush  for  building  permits.  Another 
fact  which  even  after  permits  are 
granted  is  restraining  the  construc- 
tion of  many  new  projected  edifices 
and  which  also  must  be  reckoned 
with  is  the  high  rate  for  building 
loans.  The  man  who  pays  the  ruling 
rate  of  5 1/0%  or  6%  for  money  and 
erects  an  apartment  house  or  an  office 
building  must  recollect  that  his  office 
or  his  apartment  will  compete  in 
rentals  with  other  similar  construc- 
tions financed  last  year  and  the  year 
before  on  4%  money. 


The  order  of  turning  in  the  hand 
mixing  of  concrete  should  be  so  regu- 
lated that  the  last  turn  made  will 
place  the  material  in  a  single  pile, 
at  or  near  the  center  of  the  board, 
preparatory  to  its  removal  to  the 
place  for  it  in  the  work. 


The  quantity  of  cement  should  in- 
variably be  regulated  by  its  weight; 
if  the  proportions  are  stated  by 
volume,  a  definite  weight  or  number 
of  packages  of  cement  must  be 
assumed  to  the  unit  volume. 


New  Equipment,   Methods  and  Materials  : 

New  Tools  with  Which  the  Industry  Works  □  a 


This  magazine  will  not  publish  "reading  notices/'  so-called,  for  the  benefit  of  advertisers. 
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non-advertiser  asks  it.  Material  must  carry  information  of  real  consequence  to  the  reader.  All 
material  will  be  edited  on  that  basis  regardless  of  the  source  from  which  it  comes. — The 
Editors. 
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A    Unique  Nail-Collar  for 
Form  Nails 

The  accompanying  illustration 
shows  the  Pull-Easy  nail  collar' 
which  is  used  in  combination  with 
common  wire  nails  in  constructing 
concrete  forms,  falsework,  scaffold- 
ing and  in  other  places  where  wire 
nails  are  used  for  temporary  pur- 
poses. They  effect  considerable  sav- 
ing in  time  and  lumber  for  such 
work.  They  also  save  the  concrete 
work  from  jars  and  jolts  in  taking 
down  forms,  thus  allowing  the  con- 
crete surfaces  to  be  "rubbed  up"  and 


Pull-Easy  Nail-Collar 

certain   faults  corrected  earlier  than 
would  be  advisable  otherwise. 

It  has  been  found  that  the  use  of 
the  collars  greatly  increases  the  life 
of  lumber  for  formwork,  allowing 
the  lumber  to  be  used  in  some  in- 
stances as  many  as  12  times  before 
entirely  used  up.  The  item  of  clean- 
ing lumber  has  also  been  cut  ap- 
proximately in  two.  With  the  nail 
collar  it  is  an  easy  matter  to  take 
down  separately  each  plank  in  beam 


'Wagner-Behm   Co.,   20  East  Jackson   Blvd., 
Chicago 
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and  column  forms,  for  example,  from 
the  side  of  a  deep  beam  instead  of 
dropping  the  entire  side  and  proba- 
bly shattering  one  or  more  planks. 

The  nail  collars  are  made  from 
steel  in  three  sizes  to  fit  all  sizes  of 
nails.  The  large  flange  on  the  collar 
increases  the  drawing  power  of  the 
nail.  The  collar  leaves  the  head  of 
the  nail  projecting  far  enough  out 
of  the  wood  so  that  the  claw  of  a 
hammer  or  nail-puller  can  easily 
catch  it. 


Hand-Power  Open-Throat 
Shears  for  Cutting  Heavy 
Reinforcing  Bars 

The  accompanying  ilustration 
shows  one  of  several  styles  and  sizes 
of  Wallace  shears'  for  cutting  rein- 
forcing bars.  This  apparatus,  known 
as  No.  3  open  throat  shears,  is  suita- 
ble for  cutting  square,  twisted  or  de- 
formed bars  up  to  II4"  in  size  or 
flat  bars  up  to  3"  x  %". 

The  frame  consists  of  a  solid  steel 
plate  of  substantial  construction.  The 
shears  have  an  open  throat  and  the 
bars  can  be  rapidly  placed  into  posi- 
tion for  cutting.  The  tool  is  so  gear- 
ed as  to  develop  an  enormous  power 
so  that  the  shearing  of  heavy  bars  is 
easily  accomplished  by  hand.  The 
length  of  the  blades  is  7l^"  and  the 


nVallace  Supplies  Mfg.  Co.,  414  Orleans  St., 
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net  weight  of  the  machine  is  440  lbs. 
In  operating  the  apparatus,  the 
stripper  A  swings  horizontally  so 
that  the  bolt  fits  into  groove  B  where 
it  is  secured  to  place  by  turning 
down  nut  C.  D  and  E  are  the  hard- 
ened steel  shearing  blades.  By  pull- 
ing lever  F  blade  D  can  be  raised  by 
means  of  lever  G,  when  the  cut  has 
been  finished,  thus  effecting  quick  re- 
lease of  the  bar  which  was  cut  off. 
The  leverage  is  compounded  for  cut- 
ting heavy  bars,  but  the  machine  can 
be  quickly  converted  to  direct  lever- 
age for  cutting  bars  of  small  diam- 
eter. 


'Wallace"   No.  3  Open-Throat   Shears 
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A  Malleable  Coupling  for  Re- 
inforcing Bars 

The  Marion  malleable  iron  coup- 
linff^  shown  in  the  accompanying  il- 
lustration is  made  in  a  complete  line 
of  sizes  for  column  bars  and  other 
places  in  which  butt  connections  of 
reinforcement  are  desired. 


Marion  Malleable  Coupling  for  Reix- 
roRciNG  Bars 


The  U  Bar  Support 

A  U  bar  support^  for  holding  rein- 
forcing bars  in  girders,  walls  and 
hollow  tile  floor  joints,  is  shown  in 
the  accompanying  illustration.  The 
device  is  very  simple  in  construction, 
being  stamped  in  one  piece  from 
heavy  gauge  steel,  and  is  easy  to  ap- 
ply. One  size  fits  all  sizes  of  bars 
up  to  1".  The  support  does  not  ob- 
struct the  flow  of  the  concrete  and 
when  used  for  wall  reinforcement,  it 
is  fastened  to  the  forms  with  a  small 
nail. 


U  Bar  Support 


A  Novel  Concrete  Anchor 

A  novel  concrete  anchor^  for  fast- 
ening hangers,  beams  and  machinery 
to  concrete  ceilings,  floors  and  walls 
is  shown  in  the  accompanying  illus- 
tration. 

The  principle  involved  in  the  new 
anchors  is  the  peripheral  wedge  ac- 
tion of  the  anchor  member  against 
the  concrete  in  which  it  is  embedded. 
The  portion  of  the  anchor  having  the 
smallest  tranverse  area  is  adjacent  to 
the  outer  portion  of  the  concrete  mass 
in  which  it  is  embedded,  while  the  ex- 
panded portion  of  the  anchor  cast- 
ing is  extended  into  the  concrete 
mass.  Exterior  longitudinal  ribs  pro- 
vided on  the  anchor  increase  its 
strength  and  eff"ectiveness  as  an  an- 
chor device.     The  anchor  casting  is 

'Marion  Malleable  Iron  AVks.,  Marion,   Ind. 

^Universal  Stamping  Co.,  Ltd.,  Strasburg, 
Pa. 

'Invented  bv  Harry  J.  Smith,  LaI<ewood, 
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Sketch  Showing  Details  of  the  Smith 
Concrete  Anchor 


hollow  and  has  a  screw  nut  arranged 
in  its  lower  chambered  portion,  of 
such  size  as  to  prevent  its  removal 
from  the  chamber.  The  ribs  also 
prevent  its  turning  under  tension. 

An  interesting  test  made  with  this 
type  of  anchor  disclosed  that  its  area 
of  pressure  on  surrounding  concrete 
extended  over  a  considerable  area, 
due  to  the  side  pressure  exerted  in 
consequence  of  its  wedge-like  opera- 
tion. In  the  particular  test  men- 
tioned it  was  ascertained  that  a  2%- 
in.  anchor  of  this  type  exerted  pres- 
sure over  a  surrounding  area  of 
320. 4f  ins.,  whereas  a  mere  S^/g-in. 
disk  anchor  would  have  an  area  of 
pressure  merely  of  9.1 8  sq.  ins. 

The  nut  contained  within  the 
anchor  chamber  is  prevented  from 
turning  by  guiding  instruments  that 
contact  with  it.  It  is,  however,  free 
to  oscillate  and  the  bolt  can  be  in- 
serted at  a  considerable  angle  and 
find  the  nut,  in  this  manner  allowing 
for  discrepancies  in  the  setting  of 
the  anchor.  As  the  anchor  chamber 
is  closed  at  the  top  there  is  no  danger 
of  water  from  wet  concrete  getting 
in  and  rusting  the  nut. 

The  anchor  may  be  either  of  an  in- 
verted frusto-conical  shape,  with  ribs 
added,  or  of  inverted  rectangular 
pyramidal  shape.  But  in  either  case 
the  frustrum  has  the  same  wedge- 
like operation  on  surrounding  con- 
crete. The  anchor  may  be  attached 
to  the  forms  by  nails  and  thus  held 
in  position  while  the  concrete  is  be- 
ing poured  around  it. 


Delphos  Metal  Shingles,  The  Roof 
Permanent— The  Delphos  Mfg.  Co.,  Del- 
phos, Ohio,  paper,  10"  x  7",  16  pp.,  illust. 
This  booklet  illustrates  and  describes  the 
Delphos  raised  side-locking  joint  used  in 
connection  with  the  Delphos  metal  shin- 
gles. The  method  of  laying  these  shin- 
gles is  also  given,  and  a  description  of 
other  products  made  by  the  same  com- 
pany. 


Manufacturing  Reinforced 
Concrete  Poles  or  Piles 
hif  Rolling 

A  concrete  pole  hollow  or  solid, 
straight  or  tapered,  reinforced  as  de- 
sired, in  all  lengths  up  to  Su'  is  made 
by  rolling  by  the  Jones  machine* 
shown  in  the  accompanying  illustra- 
tion. ♦ 

The  compression  rolls  are  made  on 
the  same  ratio  of  taper  that  the 
manufactured  article  will  be.  When 
pipe  is  made,  straight  rolls  are  used. 
A  very  heavy  canvas  belt  is  placed 
on  the  top  compression  rolls,  and  the 
reinforcement  and  the  inner  core  are 
laid  on  this  and  between  the  rolls. 
Each  end  of  the  belt  is  weighted 
down  with  an  iron  bar  along  its  en- 
tire width.  These  widths  operate  as 
a  counterbalance  and  maintain  a 
tightening  eflfect  throughout. 

The  compression  rolls  are  opened 
by  the  cylinders  shown,  the  top  rolls 
are  turned  inwardly  by  the  driving 
equipment  shown,  the  counterbalance 
weights  rise  and  the  reinforcement 
and  the  inner  core  are  lowered  to 
contact  with  the  idler  rolls  below. 
The  air  or  the  steam  is  then  reversed, 
imposing  a  compression  upon  the  col- 
lars at  each  end  of  the  reinforce- 
ments and  core,  the  concrete  is  fed  in 
from  the  top  by  means  of  a  measur- 
ing and  distributing  box  and  one 
compression  roll  is  then  driven  very 
slowly,  not  exceeding  10'  travel  per 
min.  The  product  is  turned  with  the 
concrete  aplied,  approximately  £1/2 
revolutions  in  one  direction,  the  driv- 
ing power  connecting  this  roll  is  then 
disengaged  by  clutch  and  the  other 
compression  roll  is  driven  in  the  op- 
posite direction.     This  reverse  opera- 


RoLLS  FOR  Manufacturing  Reinforced 
Concrete  Poles  and  Piles — Jones  Sys- 
tem 

The  sketch  shows  the  principle  of  the 
compression  rolls  and  the  belt  type  ma- 
chine for  forming  poles,  piles  and  pipes 
of  plastic  material 


'R.   M.  Jones,   1144   Humboldt  St.,  Denver, 
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tion  continues  until  the  product  being 
formed  is  in  shape  and  thoroughly 
compressed. 

The  vertical  steel  standards  com- 
posing the  frame,  in  combination 
with  the  pressure  applied  by  the  air 
or  steam  cylinders  and  the  tension 
constantly  retained  by  the  weights 
upon  the  belt,  cause  a  more  thorough 
compression  effect  than  that  of  the 
hydraulic  press,  because  the  aggre- 
gates composing  the  concrete  mass 
receive  their  compression  from  dif- 
ferent directions  in  succession,  and 
the  compression  is  maintained  by  the 
belt. 

It  is  found  in  practice  that  this 
peculiar  rolling  compression  will  ex- 
pel all  water  that  is  not  actually 
needed  in  filling  the  voids.  More 
water  is  unnecessary  until  the  curing 
period  is  reached ;  the  concrete  should 
then  be  treated  with  ample  water. 

Tlie  pole,  pile  or  pipe  becomes  a 
hard  and  true  surface  within  5  min. 
from  the  time  the  concrete  is  applied, 
but  in  order  to  retain  the  moisture  in 
the  product  during  its  original  set- 
ting period,  there  is  provided  a  sheet 
of  canvas  wide  enough  to  encircle 
the  product  two  turns  and  a  lap, 
coated  with  a  mineral  rubber  paint, 
and  fed  between  the  belt  and  the 
outer  surface  of  the  product  by  plac- 
ing its  edge  between  them  and  re- 
volving the  article  two  turns.  Brads 
with  small  heads  are  then  driven 
through  the  three  thicknesses  of  can- 
vas and  into  the  concrete,  and  the 
product  is  discharged  from  the  form- 
ing machine  in  the  following  man- 
ner: The  pressure  is  reversed,  thus 
parting  the  top  compression  rolls. 
These  top  rolls  are  then  turned  in 
their  opposite  directions  and  the 
counterbalance  weights  on  the  belt 
bring  the  finished  product  to  the  top 
of  the  rolls  whence  it  is  rolled  away 
to  a  distant  point  on  the  circular 
curing  table.  After  24  hrs.  have 
elapsed,  the  canvas  cover  is  removed 


and  the   product   is   kept   wet   until 
thoroughly  cured. 

This  rolling  process  in  compres- 
sion causes  better  tamping  effect  than 
can  be  accomplished  in  any  other 
manner.  The  concrete  mix  is  quite 
dr}',  but  the  compression  is  sufficient 
to  cause  water  to  run  from  the  sur- 
face. 

The  core  is  composed  of  sheet 
metal,  made  collapsible  and  remains 
in  the  pole  until  the  concrete  becomes 
set.  The  core  is  then  removed;  the 
pole  rests  in  an  undisturbed  position 
for  5  das.  or  6  das.,  on  the  curing 
table  with  ample  water  given  to  it. 

The  ratio  of  taper  adopted  is  1" 
in  diam.  for  each  6'  in  length,  as  ap- 
plied to  poles  6"  top  diam.  The 
minimum  thickness  of  the  concrete 
wall  is  1^2"'  Two  inches  is  pre- 
ferable. 

Poles  35'  in  length  should  be  12" 
m  diam.  at  the  butt,  and  6"  at  the 
top,  or  14"  butt,  and  7"  top,  or  I6" 
butt  and  8"  top. 

The  ratio  of  belt  travel  on  the 
compression-rolls  machine  is  2:1, 
therefore  the  butt  of  a  36-ft.  pole 
will  be  twice  the  diameter  of  the  top. 

The  ratio  of  taper  of  the  compres- 
sion-rolls may  be  made  as  ordered 
for  each  manufacturing  plant,  but 
the  schedule  described  above  is 
properly  proportioned. 

The  reinforcement  is  centrally  lo- 
cated in  the  concrete  wall  and  com- 
posed of  l^-in.,  YiQ-in.,  %-in.,  YiQ-in. 
or  ^/2-in.  square  twisted  steel  rein- 
forcing bars,  woven  with  steel  wire 
warp  at  desired  intervals.  The  five 
sizes  named  will  accomplish  the  de- 
sired differences  in  strengths  for  ap- 
plication to  various  services.  Rein- 
forcement consists  of  10  bars  of  any 
selected  size  the  entire  length,  18 
bars  %  of  the  length,  and  26  bars 
y^  the  length  of  the  poles. 

Poles  for  special  service,  such  as 
span  work  or  guys,  will  receive  larg- 


est reinforcement  in  the  greatest  ten- 
sion side. 

The  reinforcement  is  woven  on  a 
tapered  mandrel  in  a  specially  pre- 
pared loom  shown  on  page  17,  which, 
after  being  woven  and  taken  from 
the  mandrel,  is  placed  upon  the  form- 
ing core  and  the  warp  which  forms 
the  circumference  reinforcements  is 
united  by  twisting  one  around  the 
other.  The  warp  may  vary  in  size 
from  No.  6  to  No.  10  steel  wire 
spaced  at  intervals  as  required  for 
producing  the  desired  strengths. 

The  woven  reinforcement  is  held 
centrally  between  the  inner  core  and 
the  outer  circle,  by  pole-step  sockets 
woven  between  two  bars  of  the  rein- 
forcement. A  scheme  is  also  provid- 
ed for  centralizing  the  reinforce- 
ments at  other  points  around  the  pole. 

These  poles  may  be  formed  just 
as  desired,  and  the  reinforcements 
may  be  heavy  or  light  and  spaced  as 
desired.  The  labor  and  the  concrete 
cost  are  the  same  for  all  strengths, 
therefore  the  steel  used  is  the  only 
element  that  governs  the  difference 
in  strength  and  cost. 


A  Machine  Mortar  and  Plas- 
ter Mirer 

The  accompanying  illustration 
shows  the  Eureka  mortar  and  plaster 
mixer,^  which  can  be  used  for  mix- 
ing concrete  in  small  quantities.  The 
mixing  is  done  by  a  rotating  shaft 
set  with  detachable  blades  and  oper- 
ating in  a  cylindrical  steel  drum  open 
at  the  top  and  having  over  one  end 
a  hopper  into  which  the  materials  are 
shoveled. 

The  drum  is  18"  in  diameter  and 
16'  long  with  its  end  closed  by  a 
special  discharge  door.  The  shovel- 
ing height  of  the  hopper  top  at  the 
front  end  of  the  drum  is  about  45". 


'Eureka  Mach.  Co.,  100  Handy  St.,  Lansing, 
Mich. 


The  Eureka  Mobtar  and  Plaster  Mixer 
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The  New-Way  engine^  is  4^2  h.p. 
gasoline  with  belt  drive  to  the  paddle 
shaft.  A  substantial  steel  housing 
protects  the  engine  and  gearing  from 
the  dirt  and  weather.  One  door  in 
front  and  two  doors  on  either  side 
allow  quick  access.  The  total  weight 
of  the  mixer  is  2,450  lbs. 

It  is  claimed  that  one  man  operat- 
ing the  mixer  will  produce  as  much 
mortar  as  three  men  working  by 
hand  and  that  each  bricklayer  will 
lay  from  300  to  400  more  brick  per 
da.,  when  furnished  with  machine- 
mixed  mortar. 


ble  spirit  levels  at  the  ends  of  the 
gauges,  thus  obviating  the  necessity 
for  a  surveyor  to  set  each  stake  by 
means  of  a  surveying  instrument. 

The  arrangement  shown  in  Fig.  3, 
where  the  template  extends  from  the 
beam,  so  as  to  be  set  in  a  perfectly 
level  position. 

Fig.  2  shows  the  template  extend- 
ing from  one  curb  to  the  other  and 
in  order  to  determine  the  heights  of 
the  roadway  at  points  between  the 
curb  and  the  center  the  intermediate 
gauges  may  be  set  so  that  the  lower 
edge  of  the  beam  registers  with  the 


Fig.  1 — Adjustable  Crowx  Template  for  Grading  Streets 


An  Adjustable  Crown  Tem- 
plate for  Grading  Streets 

An  adjustable  crown  template  has 
been  invented  by  T.  Keith  Legare, 
Columbus,  S.  C,  to  be  used  for  set- 
ting stakes  to  serve  as  guides  in  form- 
ing the  crown  of  roadways,  thus  do- 
ing away  with  a  large  part  of  the 
work  of  the  engineer,  since  the  tem- 
plate when  once  set  for  a  given 
crown  and  width,  can  be  used  by  any 
intelligent  foreman  for  this  purpose. 

The  novel  features  of  the  inven- 
tion will  be  apparent  from  the  fol- 
lowing description  taken  in  connec- 
tion with  Figs.  1  and  2 : 

Referring  to  Fig.  2  the  template 
will  be  seen  to  consist  of  a  horizontal 
beam  made  of  wood  or  any  suitable 
metal,  with  several  gauges  mounted 
thereon,  which  slide  vertically  and 
can  be  fastened  at  any  position.  The 
number  of  gauges  which  the  inven- 
tor prefers  is  five.  The  gauges  are 
preferably  spaced  at  equal  distances 
apart.  Each  gauge  is  provided  with 
a  slot  extending  nearly  its  entire 
length,  and  through  each  slot  and  the 
beam  passes  a  bolt  with  a  washer,  by 
which  the  gauge  is  fastened  at  the 
desired  position.  Each  gauge  car- 
ries along  one  edge  a  scale  divided 
into  inches  and  fractions  thereof,  and 
is  held  in  a  vertical  position  by  pass- 
ing through  guides  attached  to  one 
side  of  the  beam. 

In  order  to  secure  accuracy  the 
template  may  be  provided  with  suita- 

^The  "New-Way"  Motor  Co.,  Lansing,  Mich. 
May,  1915 


proper  mark  on  the  scale.  When  the 
gauges  have  been  set  to  their  proper 
position  the  template  may  be  moved 
from  one  position  to  another  along 
the  roadway  and  stakes  driven  to  cor- 
respond with  the  lower  ends  of  the 
curb  to  the  center  or  crown  of  the 
road,  is  designed  for  use  on  road% 
<vhich  are  much  wider  than  that 
shown  in  Fig.  2.  In  this  case  the 
gauge  at  the  curb  of  the  road  is  set 
to  show  the  proper  elevation  of  the 
crown  above  the  level  at  the  curb  and 
the  intermediate  gauges  are  set  to  in- 
dicate the  proper  curvature.  By  this 
arrangement  it  is  possible  accurately 
to  determine  the  surface  of  the  road- 
way as  the  beam  may  be  leveled  by 
means  of  spirit  levels. 

In  the  arrangement  shown  in  Fig. 
4,  designed   for  use  on  a  very  wide 
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road,  two  templates  may  be  used  and 
stakes  set  for  one  side  of  the  road 
at  a  time  or  four  templates  could  be 
used  to  span  the  whole  width  of  the 
road.  One  end  of  one  of  the  tem- 
plates in  this  arangement  is  set  at 
the  curb  and  the  other  end  at  a  point 
14  of  the  distance  across  the  road. 
The  second  template  is  arranged  at 
the  end  of  the  first  and  extends  to 
the  center  of  the  road.  Or,  if  de- 
sired, one  template  can  be  used  in 
this  arrangement  for  the  entire 
operation  by  first  setting  the  stake 
for  1/4  of  the  roadway  and  then  sim- 
ply changing  the  position  of  the 
gauges  and  moving  the  template  over 
to  the  next  quarter.  Thus  only  one 
template  is  necessary  to  secure  all 
points  on  any  height  of  crown  of  any 
width  of  roadway. 

In  order  to  render  the  use  of  the 
template  more  convenient  tables  may 
be  prepared  showing  the  various  posi- 
tions to  which  the  gauges  should  be 
set  in  order  to  give  different  degrees 
of  crowning  to  the  road  and  with 
such  tables  it  is  possible  to  set  the 
template  quickly  and  locate  the  stakes 
for  a  long  section  of  roadway. 


A  New  Silo  Elevator 

The  accompanying  ilustration 
shows  a  device  for  removing  ensilage 
from  silos.^  Its  construction  is  self- 
explanatory,  consisting  of  an  eleva- 
tor, a  frame,  a  carrier  mounted  to 
slide  therein  and  hingedly  connect- 
ed members,  one  of  which  is  secured 
to  the  frame,  the  other  of  which  is 
movable,  to   permit   connection  with 


Figs.  2,  3  and  4 — Sketch  Showing  the 
Manneh  of  Using  the  Legare  Template 
FOR  Grading 


The  Lawless  Silo  Elevator 

'Invented  by  C.  J.  Lawless,  Lincoln,  Keb. 
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supporting    structures     of    different 
radii. 

The  counterpoising  member  is  of 
sufficient  weight  so  that  when  the  re- 
ceptacle is  empty,  the  member  will 
effect  an  elevation  of  the  carrier,  to- 
gether Avith  the  operator,  the  weight 
of  member  being  just  sufficient  to 
overcome  the  weight  of  the  carrier 
and  the  weight  of  the  operator. 
When  the  operator  has  been  elevated 
to  the  height  of  the  ensilage  in  the 
silo,  a  lever  is  released,  whereupon 
a  jaw  will  engage  one  of  the  guides, 
and  hold  the  carrier  in  position.  The 
operator  then  enters  the  silo,  and 
pitches  out  the  desired  quantity  of 
ensilage,  a  small  portion  of  ensilage 
being  thrown  into  the  receptacle. 
The  ensilage  which  is  deposited  in 
the  receptacle  will,  when  the  operator 
stands  upon  the  carrier,  be  sufficient 
to  cause  the  carrier  to  move  down- 
ward, slowly,  the  downward  move- 
ment being  controlled  by  means  of 
the  brake  mechanism,  as  shown. 


CONCRETE-CEMENT  AGE 

ing  the  material  to  form  the  bottom 
or  the  first  layer  of  blocks.  The 
outer  members  df  the  mold  consist  of 
sides  formed,  in  practice,  of  planks 
or  the  like.  Before  pouring  the  con- 
crete for  forming  the  block,  vertical 
joint  members  are  so  disposed  as  to 
separate  the  block  and  to  form  trans- 
verse members  of  the  mold,  the  ver- 
tical joint  members  having  lateral 
flanges  which  are  nailed  to  the  inner 
faces  of  the  sides  of  the  mold.  The 
concrete  having  been  poured,  hori- 
zontal joint  members  are  laid  on  the 
block  and  are  fastened  to  the  inner 
faces  of  the  sides  '  of  the  mold 
through  the  medium  of  vertical 
flanges  on  the  said  joint  members, 
suitable  nails  being  driven  through 
the  flanges  into  the  sides.  The  hori- 
zontal joint  members  are  formed 
with  longitudinal  concavo-convex  ribs 
to  form  grooves  in  the  block  at  the 
under  side  of  the  members.  These 
ribs  will  also  form  longitudinal 
tongues  on  the  under  side  of  the  next 
layer  of  block.  The  vertical  joint 
members  are  formed,  on  the  top  and 
the  bottom  edges  respectively,  with 
depressions  and  lugs  corresponding 
with  the  ribs  so  that  the  horizontal 
joint  members  may  take  a  firm  seat 
on  the  vertical  members. 

The  first  layer  of  block  having 
been  thus  completed  with  their  hori- 
zontal and  vertical  joint  members, 
the  next  upper  series  of  vertical 
members  is  secured  to  the  inner  faces 


A  isew  Type  of  Concrete 
Wall  Construction 

In  the  type  of  concrete  wall  con- 
struction^ shown  in  the  accompany- 
ing illustration  separate  and  distinct 
blocks  are  molded  in  situ  in  succes- 
sive layers,  to  break  joints  as  in 
walls  built  of  previously  formed 
blocks.  In  connection  with  the 
blocks,  metallic  joint  members,  pre- 
ferably of  sheet  metal,  are  employ- 
ed and  molded  in  place  in  the  mold- 
ing of  the  successive  layers  of  the 
blocks,  there  being  horizontal  and 
vertical  joint  members  co-extensive 
with  the  adjacent  surfaces  of  the 
blocks  at  the  joint.  The  joint  mem- 
bers form  part  of  the  mold  and  are 
so  shaped  as  to  cause  interlocking  of 
adjacent  blocks. 

In  producing  a  wall  in  accord- 
ance with  this  invention  a  mold  is 
formed  to  permit  pouring  and  mold- 


iJnvented   by  Thos.   J.   Cahill.   20   Seabright     ,^        ,,  xxr         c 
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of  the  sides  of  the  mold  through  the 
medium  of  the  lateral  flanges,  the 
vertical  joint  members  being  dis- 
posed intermediate  to  the  lower  series 
of  vertical  joint  members  so  that  the 
second  layer  of  block  will  break 
joints  with  those  below.  The  concrete 
for  the  second  series  of  block  is  now 
poured  and  at  the  proper  time  the 
next  horizontal  joint  members  are  on 
top  of  the  block  and  fastened  to  the 
sides  of  the  mold. 

The  forming  of  successive  block 
will  thus  produce  longitudinal 
tongues  on  block  of  one  layer  and 
corresponding  and  aligned  grooves  in 
the  opposite  faces  of  the  block.  Thus 
the  joint  members  and  the  block  will 
be  interlocked  with  one  another  and 
the  block  will  be  separately  formed. 

The  wall  now  having  been  com- 
pleted to  the  proper  height,  the  sides 
of  the  mold  are  removed  and  pre- 
ferably the  flanges  of  the  joint  mem- 
bers are  stripped  or  cut  off,  leaving 
the  joint  members  co-extensive  with 
the  adjacent  faces  of  adjacent  block. 
A  plaster  coat  is  laid  on  the  faces  of 
the  wall  and  the  joints  may  have  the 
usual  markings  after  the  manner  of 
brickwork  or  other  block  work. 


A  New  Wire  Straightener 

The   device   shown   in   the   accom- 
panying  illustration,   known    as    the 
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Sketch  Showing  the  Cam  in.  .Svste.m  of  Cokcrete  Wall  Constrlction- 
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Economy  wire  straightener,'  may  be 
used  for  straightening  wire  from  the 
coil  for  fence  post  reinforcing.  It  is 
also  adapted  for  shaping  wire  into 
reinforcing  spirals  of  any  desired 
diameter  for  concrete  columns  and 
silos,  or  in  making  up  stirrups  for 
beam  reinforcement.  The  No.  1  ma- 
chine will  straighten  wire  up  to  1/4" 
in  size,  while  the  No.  2  machine  will 
handle  wire  from  14"  to  "io"  i"  size. 


i.Iolin  r.   Ha?a.   1021    Ea^t  2^tli  St..   Minne- 
apolis 
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A  Nexo  System  of  Adjustable 
Concrete  Floor  Forms 

The  vertical  shores  supporting  the 
joists  and  lagging  for  floor  slab  and 
beam  centers  usually  require  consid- 
erable cutting  to  fit  and  finally  minor 
adjustment  with  wedges.  An  ad- 
justable shore  which  has  been  de- 
signed to  eliminate  both  of  these 
tasks  is  shown  in  the  accompanying 
illustrations.  This  shore  consists  of 
two  2-in.  X  4-in.  timbers  with  cap 
and  cleats^  as  shown  in  Figs.  1  and 
2,  between  which  telescopes  a  4-in.  x 
4-in.  timber.  Two  tightening  clamps 
hold  the  telescoping  posts  rigid 
when  they  have  been  adjusted  to  the 
length  of  shore  desired.  For  final 
adjustment  of  length  the  shore  jack 
is  used  as  shown  in  Fig.  1. 

ADJUSTABLE   MAT   LAGGING 

Sheet  metal  is  being  used  more 
and  more  in  connection  with  form 
work  for  reinforced  concrete  build- 
ings, and  a  new  adaptation  of  this 
material  in  connection  with  a  mat  lag- 
ging is  shown  in  Figs.  2,  3  and  4. 
These  mats/  consisting  of  a  set  of 
parallel  bars  connected  by  chain,  are 
of  such  size  that  when  rolled  up  one 
man  can  carry  and  adjust  one.  In 
making  up  the  mats  the  slats  are 
placed  a  distance  apart  greater  than 
the  size  of  the  slat  to  allow  for  ad- 
justment of  the  slats  of  the  adjacent 
mat.  They  are  laid  on  the  centering 
joists  and  covered  by  a  lagging  of 
steel  plates. 

These  mats  are  adjustable  both 
horizontally  and  longitudinally  with- 
out in  any  way  altering  the  size  of 


'Invented  bv  Jesse  E.  Hodges,  and  made  by 
Edward  O.  Keator  &  Co.,  2851  Melrose  Ave., 
Cincinnati,  Ohio 


Fig.  1 — Adjustable  Shores  for  Floor 
Forms 

the  centering  joists  or  mats.  The 
horizontal  adjustment  is  effected  by 
lapping  the  mats.  The  lap  can  be 
made  1'  without  interfering  with  the 
chain  in  any  way.  If  a  further  ad- 
justment is  desired,  one  mat  can  be 
placed  with  the  chain  down  and  the 
next  one  with  the  chain  up.  Adjust- 
ment lengthwise  with  the  mats  is  ob- 
tained by  simply  putting  enough 
mats  together  to  form  the  required 
length.    Some   play   can   also    be   ob- 


tained by  i)u>>hing  the  individual 
pieces  in  each  mat  closer  together, 
there  being  \'-/'  leeway  in  every 
4'm". 

This  system  has  been  used  on  all 
kinds  of  reinforced  concrete  floor 
work,  both  flat  slab  and  beam  and 
girder.  When  using  it  in  beam  and 
girder  construction,  a  stringer  is 
placed  parallel  to  the  beams  and 
half-way  between  them.  A  ledger  is 
also  placed  on  the  edge  of  the  beams 
and  the  mats  rest  on  the  ledger  and 
the  central  stringer.  As  these  mats 
are  about  4'  long,  an  adjustment  of 
from  V  up  to  8'  can  be  obtained 
with  two  mats  and  a  larger  adjust- 
ment can  be  obtained  by  using  three 
mats  with  two  intermediate  stringers. 
As  the  mats  are  adjustable  and  as 
stringers  do  not  have  to  be  cut,  con- 
siderable saving  in  lumber  is  accom- 
plished by  using  this  method. 

APPLICATION   OF   SYSTEM 

Fig.  3  shows  this  system  in  the 
Good  Samaritan  Hospital  in  Cincin- 
nati after  the  slab  has  been  con- 
creted and  a  portion  of  the  form 
work  removed.  Its  use  in  this  par- 
ticular job  is  described  by  W.  P.  An- 
derson^ in  the  Engineering  Record 
from  which  the  following  has  been 
abstracted : 

The  ceilings  in  this  building  had  to  be 
plastered  and  a  verj'  light-gauge  metal 
lath  was  used  on  top  of  the  mats  instead' 
of  metal  sheets.  Two  different  kinds  of 
lath  were  used,  but  the  most  satisfactory 
was  a  26-ga.  spiral  lath  manufactured  by 
the  American  Rolling  Mills  Co.  This  latti 
cost  11  cts.  per  yd.  in  this  case,  and  could 
probably  be  bought  cheaper  if  purchased 
in  larger  quantities.  The  lath  remained 
on  the  ceiling,  was  not  wrecked,  and  gave 
an  ideal  surface  for  plastering.  In  con- 
creting on  this  lath  it  was  not  necessary 


=Pres.,    Ferro-Conciete   Constr.    Co.,    Cincin- 
nati 


Fig.  3 — Sketch  Showixg  Adjustable  Shores  axd  Mat  Laggixg  for  Floor  Forms 
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Fig.   3 — Form   Mats   Used  ix   Coxstructixg   the   Good   Samauitax    Hospital,   Cin- 

CIKXATI 

Fig.  4 — Sheet  Metal  Xaji.ed  to  Form  Mats  ix  Coxstuuctixg  the  Lippixcott  Bldg., 

ClXCIXXATI 

A  portion  of  the  mat  can  be  seen  hanging  from  the  ceiling  in  Fig.  3,  wliile  the  mat 
can  be  seen  in  the  backgronnd  in  Fig.  4  with  the  sheet  metal  nailed  to  it,  and  in  the 
foreground  concreting  is  going  on. 


to  use  a  drier  concrete  than  is  advisable 
for  good  work,  and  the  concrete  was  such 
that  it  would  flow  through  sucli  a  chute 
as  is  ordinarily  used  to  distribute  con- 
crete from  a  hoist  bucket  in  building- 
work.  In  placing  the  lath  the  edges 
were  lajiped  a  few  inches,  but  it  was 
found  better  to  keep  this  lap  as  small  as 
possible  or  avoid  any  lap  where  the  ends 
rested  on  a  .solid  part  of  the  mat.  By 
doing  this,  less  lath  was  used  and  it  was 
bound  more  firmly  to  the  concrete.  In 
Fig.  3  can  be  seen  a  portion  of  the  mat 
hanging  from  the  ceiling.  In  the  build- 
ing tliis  kind  of  form  was  used  in  one 
part  and  regular  wood  forms  were  cm- 
ployed  in  another  ])art,  and  the  superin- 
tendent in  charge  found  that  the  special 
forms  were  erected  more  rapidly  than 
the  others,  which,  of  course,  could  not  be 
used  over  and  over. 

Fig.  4  shows  the  T.ippincott  Bldg. 
in  Cincinnati,  in  which  this  system  of 
forms  was  also  used.  In  tliis  case 
the  ceilings  were  not  to  be  plastered 
and  26-ga.  galvanized  sheets  were 
used,  being  laid  with  laps  in  a  line 
across  the  building  so  that  the  ceiling 
had  a  paneled  effect  after  it  was  fin- 
ished. This  building  had  .seven 
floors  and  a  roof.  Sheet  metal  was 
used  for  two  floors,  the  metal  being 
used  more  than  four  times,  and  at 
the  end  of  the  job  it  was  still  in  con- 
dition for  further  use.     A  hand  roll 
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consisting  of  two  iron  rollers 
straightened  out  the  sheets  that  be- 
came buckled.  It  was  easy  to  place 
the  electrical  conduits  and  inserts  on 
this  floor  and  to  nail  the  metal  to  the 
matting,  and  these  holes  did  not 
damage  the  metal  to  any  great  ex- 
tent. 


Trade  Publications      u 


staple  Concrete  Post  Molds — .Staple 
Post  Mold  Co.,  Wcsterville,  Ohio,  IQi/," 
X  7",  paper,  illust.,  48  pp.  This  catalog 
is  quite  unusual  and  interesting,  ])articu- 
larly  in  view  of  numerous  illustrations 
which  show  various  operations  in  manu- 
facturing the  posts  in  actual  commercial 
])lants.  It  shows  factory  arrangement 
and  equipment  under  working  conditions 
and  contains  a  great  deal  of  information. 

Eureka  Cxmcrcte  &  Mortar  Mixers^ 
Eureka  Mach.  Co.,  Lansing,  Mich.,  paper, 
fi%"x9y4",  32  pp.,  illust.  This  exception- 
ally well  arranged  catalog  takes  up  in 
minute  detail  the  mechanical  features  of 
the  l''.ureka  mixers.  Complete  s))eciri- 
cations  are  given,  and  jihotogra))hic  views 
of  actual   installations   are  numerous. 

Dundee  Falls  and  Falls  Village  De- 
veloipments — Stone  &  Webster  Engrg., 
Corporation,   Boston,  paper,   \0%"  x  7", 


00  pp.,  illust.  This  publication  describes 
in  an  interesting  manner  the  Dundee 
Falls  and  Falls  Village  Developments  of 
S.  D.  Warren  &  Co.,  and  the  Connecticut 
Power  Co.,  respectively.  The  former  de- 
velopment is.  about  15  mi.  northwest  of 
Portland,  Me.,  on  the  Presumpscott 
River,  while  the  latter  is  on  the  Housan- 
tonic  River  at  Great  Falls,  Conn.,  1/2  mi. 
above  Falls  Village. 

The  Knickerbocker  Line  of  Concrete 
Mixers,  19L5 — The  Knickerbocker  Co., 
Jackson,  Mich.,  paper,  9"  x  6",  40  pp., 
illust.  This  well  illustrated  catalog  con- 
siders in  detail  the  new  Knickerbocker 
batch  mixer,  and  the  well-known  Coltrin 
contiinious  mixer.  Complete  specifica- 
tions are  given  for  both  types  of  mixers. 
The  illustrations  are  well  selected. 

Radiation  Pyrometers,  Type  "B,"  Bul- 
letin No.  VI — Thwing  Instrument  Co., 
Philadelphia,  paper,  10"  x  6J^",  16  pp., 
illust.  This  bulletin  illustrates  plainly 
how  the  reduction  pyrometers  are  used 
and  some  of  their  practical  applications 
to  cement  kilns,  hardening  steel,  etc.  A 
list  of  a  few  users  of  these  pyrometers 
is  also  given. 

The  Calculagraph  in  Your  Business. 
Accurate  Cost  Records — Calculagraph 
Co.,  N.  Y.  C,  paper  91/4"  x  6i^",  32  pp., 
illust.  This  well  illustrated  catalog  con- 
siders the  Calculagraph  in  a  majHufactur- 
ing  'business,  and  shows  how  elapsed  time 
is  recorded,  being  accompanied  by  actual 
Calculagraph  records. 

Through  the  Meshes,  Jan.,  1915,  Vol. 
7,  No.  7— Tlie  W.  S.  Tyler  Co.,  Cleve- 
land, paper,  6"  x  AV^",  24  pp.,  illust. 
This  monthly  house  organ  is  issued  for 
circulation  to  all  within  the  business 
range  of  the  company.  It  takes  up  in 
considerable  detail  the  selling  end,  and 
contains    some    interesting    facts. 

The  Wendell  Centrifugal  Coal  Drier, 
Bulletin  No.  212— Link-Belt  Co.,  Chica- 
go, paper,  6"  x  9",  4  pp.,  illust.  This 
folder  describes  in  detail  the  construction 
of  the  Wendell  continuous  automatic 
drier,  which  is  a  compact,  self-contained 
machine  in  which  the  drying  of  coal  'by 
centrifugal  force  has  been  converted  into 
an  automatic  and  continuous  operation. 
Although  primarily  designed  for  drying 
coal,  the  machine  has  a  wide  range  of 
usefulness  and  may  be  emploj'ed  for  re- 
moving mechani<"al  moisture  from  many 
materials. 

Chabelco  Steel  Chain  Belt,  Catalog  No. 
54 — Chain  Belt  Co.,  Milwaukee,  paper. 
10"  x  6%",  32  pp.,  illust.  This  catalog 
describes  in  detail  the  manufacture  of 
Chabelco  Chain  Belt,  which  is  particu- 
larly adapted  for  lime,  stone,  cement, 
sand  and  gravel  plants.  It  is  made  in 
some  75  styles  and  sizes  and  is  used  for 
transmission,  elevating  and  conveying 
purposes.  The  pins  and  the  bushings  are 
case-hardened  and  then  tested  for  hard- 
ness by  the  scleroscope,  which  is  the 
standard  instrument  used  for  this  pur- 
pose. Tlie  last  few  pages  of  the  catalog 
show  for  what  purposes  these  chain  belts 
can  be  used. 

The  Blaw  System,  Bulletin  65— Blaw 
.Steel  Construction  Co.,  Pittsburgh,  paper, 
9"  X  6",  16  pp.,  illust.  This  bulletin  de- 
scribes in  detail  the  construction  of  Blaw 
steel  sidewalk,  curb,  and  curb  and  gut- 
ter forms.  Typical  installations  of  these 
forms  are  illustrated  by  photographic 
views,  as  well  as  the  method  to  be  em- 
jiloyed  in  constructing  sidewalks,  curbs 
and  gutters.  The  Blaw  steel  forms  for 
concrete  road  construction  are  also  well 
illustrated. 
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Capitalizing  Your  Failures 

T  T  is  made  very  clear  in  the  article  on  p.  278 
by  Charles  E.  Sims,  a  member  of  the  Board 
of  Associate  Editors  of  this  magazine,  how  success 
is  achieved  through  failure.  Mr.  Sims  knows  con- 
crete drain  tile  manufacture  as  few  men  know  it. 
He  describes,  for  the  benefit  of  others,  a  failure 
of  his  own  product  under  adverse  conditions.  It 
is  a  notable  mark  of  generosity  to  do  a  thing  like 
this,  particularly  when  the  author  went  to  the 
trouble  of  finding  out  all  the  whys  of  the  failure. 
The  facts  of  the  conditions  and  causes  of  this  fail- 
ure of  concrete  drain  tile  are  particularly  valuable. 
They  are  much  more  convincing  than  theories,  yet 
probably  Mr.  Sims's  greatest  service  in  the  article 
referred  to  is  in  making  it  quite  clear  how  all  con- 
crete workers — whether  making  drain  tile  or  block 
or  erecting  bridges  or  buildings — can  r&.illy  capi- 
talize their  mistakes  by  minutely  analyzing  them. 

The  Life  of  Stucco 

OINCE  the  May  issue  a  reader  asks  for  infor- 
mation  as  to  the  expected  life  of  exterior  walls 
of  stucco  on  metal  fabric.  So  far  there  are  on 
hand  an  even  dozen  interesting  discussions  which 
will,  undoubtedly,  be  published  in  July.  The  in- 
quiry is  not  of  a  nature  easily  answered,  because 
so  much  depends  upon  the  metal  fabric  and  even 
more,  probably,  upon  the  stucco — its  density,  thick- 
ness and  method  of  application,  and  upon  the  char- 
acter of  the  construction  which  supports  the  metal 
fabric.  Yet  with  all  the  "ifs"  which  enter  into  the 
discussions  so  far  contributed,  the  inquirer  will 
come  near  to  getting  what  he  wants  if  testimony 
is  given  by  a  great  many  who  have  had  experience. 
It  is,  therefore,  especially  urged  that  everyone  who 
has  definite  knowledge  of  the  lasting  qualities  of 
stucco  on  metal  fabric  for  exterior  surfaces  report 
what  he  knows.  Hundreds  of  readers  have  some 
knowledge  of  the  subject  which  should  be  of  value 
in  arriving  at  an  idea  of  this  type  of  construction 
under  all  conditions.  Please  state  all  the  condi- 
tions known  to  you  in  connection  with  the  par- 
ticular instance  of  failure  or  success  which  you 
cite.  This  is  a  subject  distinctly  worthy  of  thor- 
ough investigation. 


The  28-Da.  Test 

/^NE  of  the  common  cases  that  come  u]?  in  the 
^''^  use  of  concrete  under  specifications  has  re- 
cently occurred  at  Los  Angeles,  Cal.  Specifica- 
tions for  testing  cement  for  use  in  the  imiDrovement 
of  the  Broadway  Tunnel  require  results  at  28  das. 
Owing  to  a  shortage  the  contractor  asked  that  he 
be  permitted  to  have  the  cement  accepted  on  a  7-da. 
test,  he  assuming  the  responsibility  for  all  the  ma- 
terials. By  a  vote  of  two  to  one  the  Commission 
sustained  the  specification  and  required  that  the 
cement  be  held  for  28  das.  and  the  contractor  was 
thus  delayed  in  his  work. 

It  is  true  that  modern  specifications  require  that 
there  shall  be  no  retrogression  in  the  strength  of 
the  cement  between  the  7-da.  and  the  28-da.  period 
and  therefore  this  requirement  would  have  been 
imjDossible  to  live  up  to,  had  the  Commission  waived 
its  rights.  On  the  other  hand,  if  the  cement's 
general  record  were  known  and  this  element  of 
permanence  assured  by  the  previous  knowledge  of 
the  brand,  the  Commission  might  have  been  justi- 
fied in  permitting  the  cement  to  be  used  upon  the 
test  at  the  shorter  period,  especially  in  view  of 
the  contractor  assuming  responsibility. 

Concrete  Stone 

V\/fiEN  an  architect  finds  manufactured  con- 
crete stone  "more  satisfactory  than  natural 
stone"  for  a  work  of  the  magnitude  and  import- 
ance of  the  new  building  of  the  Delaware  and 
Hudson  pompany  at  Albany,  and  says  so,  as  Mar- 
cus T.  Reyonlds  does  in  his  contribution,  p.  289, 
it  is  too  much  to  expect  that  the  occasion  shall 
pass  unnoticed.  Repeated  evidences  of  approval 
of  concrete  stone  for  architectural  purposes,  as 
published  from  time  to  time  in  these  pages,  show 
that  this  material  is  gaining  important  ground. 

That"  Ruff,  Buff"  Paper 

T^HE  buff,  rough  paper  on  which  pp.  11  to  14 
(advertising  section — front  of  magazine)  are 
printed,  is  used  with  the  idea  of  displaying  the 
Editorial  wares.  The  section  is  used  as  a  show- 
case so  that  you  may  discover  quickly  what  the 
magazine  contains  of  especial  interest  to  you.     It 
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is  an  editorial  ambition  to  make  this 
magazine  a  piece  of  equipment  for 
the  practical  man — a  tool.  The  In- 
dex Insert  is  the  handle  for  that  tool. 
Whether  or  not  the  idea  of  the  show- 
case or  the  tool  handle  or,  more 
plainly,  that  of  a  Ready  Reference 
Index  appeals  to  you,  it  is  to  be 
hoped  the  new  feature  (now  in  its 
third  month)  will  give  the  intended 
result. 

Use  the  Ballot 

'T'HERE  is  a  ballot  at  the  bottom 
of  p.  13  (see  the  "ruff,  buff" 
paper  in  the  front  of  the  book)  and 
to  get  the  greatest  possible  value  out 
of  this  magazine  you  should  vote  at 
once  and  mail  your  ballot.  We  have 
definite  knowledge  of  the  profes- 
sions, occupations  and  special  lines 
of  work  of  about  70%  of  the  read- 
ers of  this  magazine,  but  that  isn't 
all  the  information  the  editors  need 
to  be  of  the  greatest  possible  ser- 
vice to  the  greatest  number.  The 
ballot,  filled  out  by  every  reader, 
would  be  the  means  of  accomplish- 
ing a  great  deal  in  the  way  of  indi- 
vidual service.  You  cannot  lose  in 
such  a  contest.  There  can  be  no  de- 
feated candidate.  Everybody's  pref- 
erences should  be  known,  to  be  acted 
upon. 

The  Matter  of  Air  Space 

A  ND  while  you  are  answering  in- 
quiries, why  not  contribute 
something  to  the  sum  of  knowledge 
on  the  subject  of  insulation  as  dis- 
cussed under  the  heading  "Good 
Practice  in  Concrete  Block  House 
Construction,"  p.  305}  Most  build- 
ers decided  years  ago  that,  to  make 
sure  of  a  good  job.  interior  plaster- 
ing should  be  applied  direct  to  the 
wall,  without  furring,  only  when  the 
wall  afforded  insulation  in  a  contin- 
uous air  space.  This  is  entirely  aside 
from  the  matter  of  a  waterproof  wall. 
That  depends  upon  the  density  of 
the  concrete  and  in  block  construc- 
tion upon  the  mortar  joint,  yet  now 
there  appears  to  develop  an  honest 
difference  of  opinion.  The  questions 
are:  "In  a  climate  in  which  there  is 
to  be  a  wide  difference  in  tempera- 
ture between  the  inside  and  the  out- 
side of  a  house,  is  it  good  practice  to 
apply  plaster  direct  on  the  interior 
surface  of  exterior  walls,  where  a 
continuous  air  space  is  not  provided 
in  the  wall  construction?  What  has 
been  your  experience?  What  do  you 
know   of  such   construction   in  cases 
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in  which  interior  condensation  did  or 
did  not  develop  asa  result  of  having 
no  insulation?" 

Concrete  Armor  Plate 

/^N  the  principle  of  necessity  be- 
ing the  mother  of  invention,  it 
is  interesting  to  note  in  these  war 
days  that  concrete  armor  plate  for 
warships  is  being  seriously  contem- 
plated and,  in  point  of  fact,  accord- 
ing to  tests  recently  made  at  Mug- 
gino,  Italy,  the  superiority  of  rein- 
forced concrete  over  steel  armor  plate 
in  resistance  to  artillery  fire  has  been 
definitely  proved.  Earlier  tests  at 
Spezia  Harbor  showed  excellent  phy- 
sical results  where  a  vessel  covered 
with  concrete  armor  plate  was 
rammed  by  an  armored  warship 
without  causing  any  serious  injury. 
From  this  latter  experiment  conclu- 
sions are  drawn  that  a  vessel  so  pro- 
tected would  resist  the  attack  of  sub- 
marine torpedoes  and  also  might  be 
immune  from  damage  by  mine  ex- 
plosions. 


Edmond  Coignet  Dead 

In  a  recent  number  of  Concrete- 
Cement  Age,  the  death  of  Armand 
Considere,  one  of  the  great  French 
scientists  in  the  field  of  concrete  con- 
struction, was  announced.  Following 
closely  upon  this  sad  event,  comes 
the  death  of  Edmond  Coignet,  an- 
other of  the  great  pioneers  in  con- 
crete construction  in  France.  Mr. 
Coignet  began  as  an  engineer,  study- 
ing at  the  Ecole  Centrale  in  Paris. 
He  was  the  originator  of  his  well 
known  system  of  reinforced  con- 
crete and  was  not  only  an  eminent 
engineer  for  works  in  that  material, 
but  was  also  thoroughly  versed  in 
the  other  branches  of  engineering. 
Well  known  as  an  inventor  and 
a  man  of  great  practical  experience, 
lie  possessed  also  very  considerable 
knowledge  as  a  theorist.  It  was 
through  him  that  the  Paris  County 
Council  adopted  his  system  for  the 
construction  of  tlie  large  sewer  near 
Paris  and  it  was  also  his  construc- 
tion that  was  largely  used  in  works 
of  the  Suez  and  the  Panama  canal. 
But  most  celebrated  was  tlie  monu- 
mental waterworks  at  the  Paris  Ex- 
position of  1900,  known  as  the  Cha- 
teau d'Eau,  for  which  he  was  award- 
ed the  Grand  Prix  and  a  gold  medal. 
Mr.  Coignet  had  a  most  charming 
personality  and  was  not  only  dis- 
tinguished as  an  engineer,  but  was 
also  largely  associated  in  banking 
and  other  important  enterprises  in 
France. 


Decrease  of  Production  of 

Portland  Cement  in 

1914 

The  total  production  of  Portland 
cement  in  the  United  States  in  1914, 
according  to  Ernest  F.  Burchard,  of 
the  United  States  Geological  Survey, 
was  88,230,170  bbls.,  valued  at  $81,- 
789,368;  the  production  for  1913  was 
92,097,131  bbls.,  valued  at  $92,557,- 
617.  The  output  for  1914  repre- 
sents a  decrease  in  quantity  of 
3,866,961  bbls.,  and  a  decrease  in 
value  of  $10,768,249.  The  value  as- 
signed to  the  production  is  computed 
on  the  basis  of  92.7  cts.  a  bbl.,  or 
the  average  value  of  the  Portland 
cement  shipped  in  1914.  A  summary 
of  the  advance  statement  of  the  Geo- 
logical Survey  follows: 

The  shipments  of  Portland  cement 
from  the  mills  in  the  United  States  in 
1914  amounted  to  86,437,956  bbls.,  valued 
at  $80,118,475,  compared  with  88,689,377 
bbls.,  valued  at  $89,106,975,  shipped  in 
1913.  This  represents  a  decrease  in  quan- 
tity of  2,251,421  bbls.,  and  in  value  of 
$8,988,500.  The  average  factory  price 
per  bbl.  in  bulk  for  the  whole  country 
in  1914  was  92.7  cts.,  compared  with 
$1,005  in  1913,  a  decrease  of  7.8  cts.  a 
bbl.  This  price  is  about  11.8  cts.  higher 
than  the  average  price  in  the  Lehigh  dis- 
trict and  is  near  the  average  price  in  New 
York,  Illinois,  Iowa,  the  Southeastern 
States,  and  the  Plains  States,  but  falls 
42.5  cts.  below  the  average  price  received 
in  Utah,  where  Portland  cement  brought 
the  highest  figure  during  the  year. 

Among  the  States  there  were  unim- 
portant changes  in  rank  as  cement  pro- 
ducers. Pennsylvania  and  Indiana  held 
first  and  second  places  respectively,  as 
tor  many  years,  but  both  of  these  large 
cement-producing  States  sufi^ered  an  ap- 
preciable reduction  of  output.  In  1913 
the  output  of  California  exceeded  that  of 
New  York  and  Illinois,  but  in  1914  this 
State  dropped  from  third  to  fifth  place. 
New  Jersey  dropped  from  seventh  to 
ninth  place,  having  been  passed  by  both 
Michigan  and  Iowa  in  1914.  The  State 
of  Kansas,  which  has  attracted  consider- 
able attention  in  the  cement  M'orld,  first 
because  of  the  rapid  development  of  the 
industry  within  its  borders  on  account  of 
the  proximity  of  abundant  supplies  of 
suitable  raw  material  and  cheap  natural 
gas,  and  later  becau.'^e  of  the  waning  of 
the  gas  supply  and  the  consequent  in- 
crease in  cost  of  manufacture  of  cement 
which  resulted  in  curtailment  of  output, 
maintained  its  rank  of  tenth  among  ce- 
ment producers  and  suffered  but  little  . 
reduction  of  output,  although  the  price 
of  cement  here  fell  considerably  below 
the  average.  Iowa  and  Onio  both  showed 
gratifying  increase  in  output  and  appear 
also  to  have  kept  prices  up  more  siiccess- 
fully  than  many  other  States.  In  the  far 
West,  in  Washington,  conditions  were 
brouerht  into  better  balance  by  a  consid- 
erable curtailment  of  production  and  an 
increa.se  in  shipments,  although  prices 
fell  heavily;  in  Utah  production  was 
larcely  and  shipments  slightlv  increased, 
and  prices  were  also  increased.  The  only 
other  States  showing  increase  of  prices 
were  New  Jersey  and  Texas. 

June,  1915 


Design  and  Construction  of  the  Gantner-Mat 
tern  Co.  Knitting  Mill  at  San  Francisco 


By  E.  F.  Cykler' 


That  San  Francisco  is  keeping 
abreast  with  the  best  in  business  and 
building  practice  is  exemplified  in 
the  construction  of  the  most  complete 
and  modern  knitting  mill  in  the 
world.  It  also  typifies  the  growing 
tendency  of  industrial  men  to  have 
their  establishments  housed  in  up-to- 
date  fireproof  buildings.  This  was 
accomplished  by  the  Gantner-Mat- 
tern  Co.  when  it  built  its  new 
mill  on  Mission  St.,  between  10th 
St.  and  11th  St.  Various  types  of 
fireproof  construction  were  examined 
and  discussed  before  the  present 
plans  were  formulated.  Economical 
plant  layouts,  lighting,  good  and 
healthful  environments  for  em- 
ployees, fire  precautions  and  other 
details  also  received  due  considera- 
tion in  planning  this  well  balanced 
building. 

GENERAL    DESIGN 

The  building  is  of  reinforced  con- 
crete construction  throughout,  six 
stories  and  a  basement  in  height,  and 
coverers  an  area  of  103'  frontage  on 
Mission  St.  and  Minna  St.  by  l60' 
in  depth,  as  shown  in  Fig.  1. 

The  basement  height  is  11'  from 
floor  to  floor,  the  first  story  height 
19'  1",  the  second,  third,  fourth  and 
fifth  story  heights  are  13'  1",  and 
the  sixth  story,  comprising  the  sun 
room  and  lunch  room  for  the  em- 
ployees and  for  their  entertainments, 
is  10'  above  the  main  roof. 

Lighting. — Proper  lighting  was 
one  of  the  main  considerations  in 
planning  this  building,  as  the  great- 
est portion  of  the  work  done  in  a 
factory  of  this  type  requires  the  best 
of  illumination.  The  fifth  floor  con- 
tains the  knitting  machines  and  to 
illuminate  these  properly  sawtooth 
skylights  were  placed  over  the  cen- 
ter portion  of  the  fifth  floor,  as 
shown  in  Fig.  4,  and  a  detailed  sec- 
tion in  Fig.  6.  Across  the  entire 
space  between  columns  and  floor 
beams  were  filled  with  Fenestra  steel 
sash^  and  wire  glass.  The  Mission 
St.  front  was  made  as  open  as  archi- 

'Prin.  Asst.  Engr..  H.  J.  Bninnier,  Cons. 
Struct.   Engr.,    San    Francisco 

'Detroit  Steel   Products  Co.,   Detroit 
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Fig.  1- — Gexeral  View  Gantner-Matterx  Buiij>ixg 


tectural  treatment  allowed,  as  shown 
in    Fig.    1. 

The  materials  used  in  manufac- 
turing are  brought  from  the  base- 
ment storage  or  from  the  street  di- 
rect to  these  knitting  machines,  situ- 
ated on  the  fifth  floor,  by  means  of 
a  large  freight  elevator.  From  these 
machines,  the  products  gradually 
work  their  day  down  by  a  series  of 
chutes  from  floor  to  floor,  becoming 
more  and  more  nearly  a  finished 
product  as  they  go. 

They  are  marked  and  boxed  ready 
for  shipping  on  the  third  floor.  The 
second  floor  is  used  for  storage  of 
finished  goods.  Part  of  the  first 
floor  is  also  used  for  storage  of  both 
finished  goods  and  raw  materials. 

In  designing  this  building  the  ut- 
most in  economy  was  aimed  at,  and 
to  obtain  this,  simplicity  and 
straightforwardness  in  design  were 
a;iven  thorough  study.  Another  fea- 
ture that  must  not  be  overlooked  in 
getting  a  low  figure  on  this  work  was 
the  completeness  of  the  plans,  and 
all  special  features  were  completely 
detailed.  Nothing  was  left  for  the 
imagination  of  the  contractor  and 
therefore  close  bidding  was  the  re- 
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suit,  and  when  I  say  that  the  com- 
plete concrete  work  was  finished  at 
a  cost  of  4^4  t^ts.  per  cu.  ft.  of  build- 
ing, it  shows  that  the  extra  work  in 
the  office  to  make  the  plans  complete 
in  every  detail  was  more  than  justi- 
fied, especially  as  there  were  no 
"extras"  on  the  job. 

Fireproofing. — Special  care  and 
attention  were  also  paid  to  the  fire- 
proof features  of  this  building,  and 
all  interior  partitions  Avere  construct- 
ed either  of  4-in.  concrete  walls  or 
of  hollow  terra  cotta  tile,  as  can  be 
seen  in  Fig.  1  '  showing  terra  cotta 
office  partitions  on  the  third  and  the 
fourth  floor.  Fenestra  steel  sash* 
and  wire  glass  were  used  for  all  win- 
dows, as  previously  mentioned.  The 
entire  building  is  equipped  with  an 
automatic  sprinkler  system  and  each 
floor  is  cut  off"  from  the  other  floors 
by  placing  wooden  doors,  covered 
with  sheet  metal  as  prescribed  by  the 
Fire  Underwriters's  Specifications,  at 
the  entrances  to  the  stair  well.  The 
elevator  doors  are  of  metal  and  wire 
glass.  Every  possible  precaution 
was  taken  against  any  accidents  due 
to  fire.  All  stairs  are  constructed  of 
concrete. 
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DETAILED    DESIGN'    FEATURES 

Foundations. — Foundations  of  this 
building  were  designed  for  dead  load 
pressure  only.  Before  adopting  a 
safe  bearing  value  for  the  soil,  bor- 
ings were  made  in  various  places  on 
the  site  to  determine  the  materials 
underlying  the  excavation. 

The  maximum  soil  pressure  allow- 
ed for  dead  and  for  live  load  com- 
bined was  3  tons  per  sq.  ft. 

The  foundations  were  then  design- 
ed as  shown  in  Fig.  7.  Along  the 
two  side  walls  the  columns  were  car- 
ried on  combination  footings.  Foot- 
ings for  Cols.  9-10-15-16  were  de- 
signed to  carry  in  addition  to  the 
floors,  sprinkler  pressure  tanks  and 
a  storage  tank. 

The  material  excavated  was  at  first 
good  clear  sand  and  further  down 
sand  with  a  small  amount  of  stiff 
blue  clay. 

As  seen  in  Fig.  8  the  steel  in  all 
footings  was  specified  to  be  suspend- 
ed from  above  and  to  provide  for  at 
least  S"  of  concrete  under  all  steel. 
It  also  shows  good  spacing  to  allow 
free  flow  and  bonding  of  concrete. 

Walls. — The  basement  and  the  re- 
taining walls  are  dense  concrete  and 
no  waterproofing  materials  were  add- 
ed. During  heavy  rains  last  winter 
there  were  no  signs  of  moisture  in 
the  basement.  The  retaining  walls 
were  designed  as  flat  slabs  reinforced 
in  two  directions  to  carry  the  pres- 
sures. 

Floor  Systems. — In  the  prelimin- 
ary work  of  design  of  the  floor  sys- 
tems three  types  of  construction 
were  investigated,  viz : 

(1)      Three-beam  and  girder  type. 
(2)      One  beam  framing  in  at  cen- 
ter of  girder. 

(3)  Square  panel  system,  both 
Kahn    and  Chew*  systems. 

It  was  decided  that  the  three-beam 
and  girder  type  was  the  most  econ- 
omical of  the  three  and  the  most  ad- 
vantageous for  the  live  loads  re- 
quired and  column  spacing. 

The  Chew  system  was  used  in  the 
fifth  floor  and  the  roof  for  macliin- 
ery  clearance  and  shafting.  This 
system  is  figured  on  the  theory  of 
circular  plate  action,  and  its  details 
of  construction  are  clearly  shown  in 
Figs.  2  and  3.  The  small  diagonal 
beams,  same  depth  as  the  slab, 
around  columns,  are  tangent  to  this 
circle.  This  type  of  construction 
gives  the  same  size  of  beam  on  the 
four  sides  of  a  square  panel. 

The  second  to  the  fifth  floor  have 
wood  sleepers  embedded  in  concrete 
and  wooden  floors.  This  allows  the 
location  and   relocation  of  machines 


'Trussed    Concrete    Steel    Co.,    VoiuiKstown, 
Ohio 

<R.  S.  Chew,  Rialto  Bl.l?..  San  Francisco 
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I'iG.  2 — KooF  r'oKMs  IN    I'l.Aci;   .Showing   Kiiintoucixg  Arol'xd  Com  rviK   Heads 
Fig.  3 — Roof  Forms  Ready  for  Concrete;  Note  Wire  Fabric  Slab  Reixforcikg 
Fig.  4 — Detail  of  Sawtooth  Roof 
Fig.  5 — For.ms  ix  Place  for  Sawtooth  Portion-  of  Roof 


at  any  time  as  they  are  well  balanced 
and  can  be  thoroughly  held  by  lag 
screws. 

Fig.  10  shows  a  part  of  the  second, 
third  and  fourth  floor  framing  plan 
and  is  typical   for  the  first  floor. 

Roof  Framing. — Figs.  4,  5,  6  and 
1  i  show  the  complicated  roof  fram- 
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ing  and  sawtooth  construction  in  the 
central  portion  and  sun  room  fram- 
ing on  the  Mission  St.  front.  The 
Chew  system  as  seen  in  Figs.  2,  3,  4 
and  5  was  used  here  also.  The  part 
of  tlie  roof  outside  the  sawtooth  is 
cement  finished  and  nicely  fitted  up 
witli    plants,     flowers     and    benches 
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Fig.  6 — Detail  of  Sawtooth 


wlicrc  frnj)I()yfcs  cin  *;njoy  them- 
selves at  the  noon  hour. 

In  the  sun  room  is  a  cafetf:ria  run 
by  the  owners  where  lunches  are  sold 
to  employees  at  no  profit. 

Spandrels  and  Mullions. — Figs.  1 1 
and  13  show  details  of  spandrels  and 
mullions  on  Mission  St.  The  archi- 
tectural pilasters  were  made  use  of 
as  columns  and  the  spandrels  as 
beams. 

Stairs. — The    stairs    are    of    rein- 


FiGS.  8  AXD  9 — Reixforcixg  for  Footikgs  IX  Place 
Note  method  of  suspending  rods  in  Fig.  8 
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Fig.    11 — Typical    Fifth    Floor    Framing    Showixg    Column 
Girder  Details 
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Fig.  \2 — Dktaii.s  of  Reinforcing 

forced  concrete  with  a  cement  finish 
and  2-in.  continuous  rough  concrete 
balustrade  finished  with  l/)-in.  plas- 
ter, making  a  very  rigid  piece  of 
construction. 

Loads. — Before  going  into  the  de- 
sign in  detail,  it  may  be  well  to 
enumerate  the  loadings  used  on  the 
various  floors. 

Live  load  125  lbs.  per  sq.  ft.  (all 
floors  to  slab  and  beams). 

Live  load  30  lbs.  per  sq.  ft.,  roof 
slab  and  beams. 

Live  load  100  lbs.  per  sq.  ft.,  all 
floor  girders. 

Live  load  20  lbs.  per  sq.  ft.,  all 
roof  girders. 

To  columns  live  load  on  roof,  10 
lbs.  per  sq.  ft. 

To  columns  live  load  on  fifth  floor, 
100  lbs.   per  sq.   ft. 

To  columns  live  load  on  fourth 
floor,  95  lbs.  per  sq.  ft. 

To  columns  live  load  on  third  floor, 
90  lbs.  per  sq.  ft. 

To  columns  live  load  on  second 
floor,  85  lbs.  per  sq.  ft. 

To  columns  live  load  on  first  floor, 
80  lbs.  per  sq.  ft. 

All  exterior  6-in.  curtain  walls 
finished  with  plaster  were  figured  at 
80  lbs.  per  sq.  ft.  Window  openings 
were  deducted  and  figured  at  20  lbs. 
per  sq.  ft.  for  metal  sash  and  glass. 

The  dead  loads  on  all  floors  were: 

75  lbs.  per  sq.  ft.  to  slab. 

100  lbs.  per  sq.  ft.  to  beam. 

115  lbs.  per  sq.  ft.  to  girder. 

Unit  Stresses  —  The  maximum 
stress  allowed  for  the  concrete  in 
beams  and  girders  was  700  lbs.  per 
sq.  in.  and  for  steel  in  tension 
16,000  lbs.  per  sq.  in. 

Columns   were  designed    for    750 
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lbs.  per  sq.  in.  on  the  inner  core  and 
the  percentage  of  vertical  steel  used 
was  not  over  4%  and  not  under  1%. 

Reinforcement.  —  The  shear  in 
beams  and  girders  was  taken  up 
partly  by  bending  the  main  reinforc- 
ing members  and  partly  by  %-in.  x 
%-in.   stirrups. 

All  the  reinforcing  in  the  beams 
and  girders  as  shown  in  Fig.'  12  is 
held  up  in  the  forms  by  the  stirrups 
bent  in  such  a  manner  that  the  ends 
of  these  rest  on  the  forms.  In  the 
tops  of  all  beams  fastened  to  the 
stirrups  are  two  %-in.  x  %-in.  bars 
which  hold  the  floor  fabric  in  posi- 
tion over  supports.  Standard  usage 
was  followed  in  spacing  the  bars  in 
beams. 

Two  l/2-in.  x  l/o'i"-  bars  were 
specified  around  all  openings  in  the 
floor  slabs.  These  bars  were  to  run 
between  supports.  All  window  open- 
ings had  two  %-in.  x  %-in.  bars 
specified  around  all  sides  as  a  pre- 
caution against  cracking  in  the  cor- 
ners. 

Each  plan  contains  a  complete 
beam  and  girder  schedule,  giving 
size  of  beams,  size  and  number  of 
main  reinforcing  bars,  size  and 
number  of  stirrups  and  disposition  of 
the  steel  by  referring  to  typical  sec- 
tions or  details. 

Fabric  notes  were  specified  as  fol- 
lows, being  placed  on  each  plan  to 
call  the  special  attention  of  the  work- 
men: 

All  side  laps  of  fabric  must  be  one 
mesh  wide.  End  laps  must  be  over 
supports  and  have  at  least  24-in. 
lap,  i.  e.,  each  end  to  run  12"  beyond 
the  center  line  of  support.  Ends  of 
fabric  at  walls  must  extend  at  least 


I 


Fig.   13 — Typical  Wall  Sectiov 
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to  within  3''  of  outside  face.  Fabric 
must  be  kept  up  over  supports  within 
%"  of  the  top  of  the  slab. 

The  vertical  bars  in  columns  are 
banded  with  %-in.  by  1-in.  bands 
riveted  with  two  %-in.  rivets.  The 
column  bars  are  spliced  at  each  floor 
where  the  column  size  remained  the 
same,  but  the  reinforcing  changed, 
sufficient  bars  were  run  up  to  develop 
the  column  above.  Where  the  col- 
umn size  changed,  dowels  were 
placed  to  develop  the  column  above. 
All  dowels  are  4'  long  except  for 
ll/4-in.  bars,  and  there  are  4'  6" 
long.  The  steel  in  all  columns  is 
protected  with  1%''  of  concrete  fire- 
proofing. 

EXCAVATION 

The  excavation  was  a  sub-contract 
at  $5,450,  and  included  taking  out 
and  hauling  away  6,000  cu.  yds.  of 
sand.  The  sand  excavated  from  foot- 
ings pits  was  found  to  be  suitable 
for  use  and  was  stored  and  used. 

MATERIALS    OF    CONSTRUCTION 

Santa  Cruz  Portland  Cement'  was 
used  throughout  the  building  and  it 
was  found  to  pass  the  requirements 
of  the  Am.  Soc.  for  Test.  Mat.  Total 
quantity  of  cement  used  was  about 
7,200  bbls.  The  cement  cost  $2.30 
per  bbl.  with  a  rebate  of  40  cts.  per 
bbl.  for  sacks  returned. 

It  is  an  interesting  fact  that  the 
actual  rebate  received  was  35  cts.  per 
bbl.,  showing  a  sack  loss  of  12l/2%- 

The  gravel  used  was  bought  by 
rail  from  Niles  Canyon  and  was  a 
well  graded,  hard,  dense  gravel, 
varying  in  size  from  %-in.  to  1^  in. 
maximum,  containing  practically  no 
silt  and  with  a  very  small  percentage 
of  flat  or  elongated  particles.  The 
gravel  cost  $1.20  per  en.  vd.  deliver- 
ed. 

Sand  was  obtained  from  the  Ocean 
Shore  Sand  Co.,  the  pit  being  so 
called  because  located  on  a  railway 
line  of  that  name.  This  sand  is  well 
graded,  all  passing  a  %-in.  screen, 
but  lacks  a  little  in  smaller  sizes, 
therefore  a  small  percentage  of  fine 
sand  found  on  the  building  site, 
which  is  of  a  uniform  size,  was  add- 
ed. 

The  aggregate  was  proportioned 
according  to  Fuller's  formula,  using 
the  straight-line  method  and  had 
from  15%  to  17%  voids. 

CONCRETE    WORK 

Proportions. — The  concrete  was 
made  in  the  proportions  of  1  part 
Portland  cement,  li/o  parts  Ocean 
Shore  Sand  Co.'s  sand,  %  part  fine 
sand  taken  from  excavation  and  4 
parts  gravel. 


^Santa    Cruz    Portland     Cement     Co.,     San 
Francisco 
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Careful  tests  and  thorough  in- 
spection were  given  ^the  concrete  in 
all  stages  of  construction.  The  con- 
crete specimens  for  crushing  were 
made  in  tins  6"  in  diameter  and  8" 
high.  These  samples  were  taken  fre- 
quently during  construction,  and 
compressed  at  an  age  of  28  das. 
They  developed  an  average  strengtli 
of  2,200  lbs,  per  sq,  in. 

The  concrete  in  place  cost,  includ- 
ing cement,  sand,  gravel,  water, 
power  and  labor,  $5.50  per  cu.  yd. 

Reinforced  concrete  completed,  in- 
cluding all  materials  and  labor,  cost 
$14.20  per  cu,  yd.  The  total  cost 
of  concrete  was  $68,500. 

FORMS 

Forms  for  the  concrete  work  were 
made  of  wood  and  were  designed  for 
the  load  they  were  expected  to  bear 
and  nothing  was  left  to  guess-work. 
The  lumber  used  was  Douglas  fir, 
surfaced  to  uniform  thickness. 
Where  plastering  was  to  be  done  the 
lumber  was  left  in  the  rough  and 
the  rough  face  turned  toward  the  in- 
side so  as  to  leave  a  suitable  bond. 

All  vertical  shores  rested  on  shims 
which  were  driven  up  tight  each  time 
before  pouring  a  floor  above.  Shores 
were  placed  under  beams  and  girders 
only.  The  forms  were  so  constructed 
that  beam  sides  and  slab  forms  were 
removed  without  disturbing  the  sup- 
ports. .  These  supports  remained  in 
place  long  enough  to  have  the  weight 
of  green  concrete  floors  carried  by 
at  least  two  floors  which  had  been 
placed  not  less  than  28  das.  Forms 
under  non-bearing  members  were  re- 
moved in  about  2  wks. 

Carpenters  received  the  union 
scale  of  Q'2,^/2  cts,  per  hr.  and  labor- 
ers and  helpers  31%  cts.  per  hr., 
there  generally  being  one  helper  to 
two  carpenters.  The  labor  cost  of 
erecting  forms  was  $1.50  per  cu.  yd. 
or  5  cts,  per  sq.  ft.  Wrecking  labor 
cost  15  cts.  per  cu,  yd.  and  i/o  cts. 
per  sq.  ft, 

REINFORCEMENT 

Figs,  2,  3,  8,  9  and  12  show  the 
manner  of  placing  the  reinforcing 
steel  in  footings,  floors  and  roof.  It 
was  wired  firmly  in  place  to  prevent 
any  displacement  while  concreting. 
Small  beveled  concrete  blocks  with 
wires  embedded  in  them  for  fasten- 
ing to  bars  were  used  as  spacers  at 
beam  bottoms  and  sides. 

With  housesmiths  at  75  cts.  per 
hr.  and  foreman  at  87^2  cts.  per  hr., 
the  cost  of  bending  and  placing  re- 
inforcing steel  amounted  to  $12  per 
ton. 

Reinforcing  steel  was  principally 
in  the  form  of  corrugated  bars,  al- 
though some  square  twisted  rods 
were  used;  390  tons  of  steel  were  re- 


quired.    Thf:re  were  also  29  tons  of 
Clinton  wire  fabric*  used. 

Detailed  steel  drawings  were  made 
and  the  steel  came  on  the  job  cut  to 
length  and  was  bent  on  the  job  by 
hand-operated  machines, 

PLANT   LAYOUT 

The  sidewalk  on  Mission  St.  was 
omitted  until  the  building  was  com- 
pleted, and  bins  were  built  in  the 
areaway  with  a  temporary  driveway 
containing  trap-doors  over  the  bins. 
Materials  as  they  came  to  the  job 
were  easily  dropped  into  the  proper 
bin. 

The  mixer,  a  %-yd.  Smith  batch 
mixer,'  was  located  in  the  basement 
near  the  bins,  and  in  the  well  of  the 
future  passenger  elevator  were  lo- 
cated an  automatic  dumping  elevator 
and  skip.  The  mixer  dumped  di- 
rectly into  the  skip  and  received  its 
charge  directly  from  the  gravel  bin, 
making  a  very  economical  system  of 
handling.  The  elevator  deposited 
the  concrete  into  a  hopper  at  the 
floor  where  needed.  It  was  taken  by 
Sterling  No.  3  two-wheeled  dump- 
carts'  and  wheeled  to  the  required 
point.  All  wheeling  was  done  on 
plank  runways  laid  on  saddles,  ar- 
ranged so  as  not  to  disturb  the  rein- 
forcing. 

The  structural  cost  was  4%  cts. 
per  cu.  ft,  of  building,  measured 
from  the  top  of  the  basement  slabs 
to  average  roof  height.  The  total 
cost  of  finished  building  was  $130,- 
000  or  9  cts,  per  cu,  ft. 

Lindgren  &  Co.  were  the  general 
contractors  on  this  building,  with 
Geo.  W,  Kelham  as  architect  and  H, 
J.  Brunnier  as  structural  engineer. 


College  students  in  the  large  uni- 
versities of  the  country  are  being  fur- 
nished with  important  information 
on  concrete  and  its  use  by  various 
experts  from  the  leading  cement 
plants.  Lectures  are  given  to  the 
students,  illustrated  with  moving  pic- 
tures showing  the  process  of  the 
manufacture  of  cement  and  in  some 
cases  of  the  general  construction  of 
silos  and  other  buildings  built  of  con- 
crete. The  college  boy  thus  starts  in 
his  life's  career  thoroughly  equipped 
with  a  knowledge  of  this  most  impor- 
tant building  material  and  while,  sad 
to  say,  some  of  the  experts  who  lec- 
ture to  them  found  difficulty  in  an- 
swering some  of  the  pointed  ques- 
tions fired  at  them  by  the  college 
lads,  the  result  on  the  whole  is  bene- 
ficial and  instructive, 

'Clinton  Wire  Cloth  Co.,  Clinton,  Mass. 

'T.   L.   Smith  Co.,   Milwaukee 

'Sterling  Wheelbarrow  Co.,  6475-6500  Pullen 
Ave.,    Milwaukee,    Wis. 
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Investigation  of  the  Effects  of  Alkali  on  Concrete 
Drain  Tile  Near  Lake  Park,  la. 


By  Charles  E.   Sims' 


The  effect  of  alkali  on  concrete 
lias  been  a  matter  of  so  much  con- 
cern to  many  users  that  the  writer 
presents  his  experience  with  it  in  the 
case  of  a  line  of  22-in.  drain  tile 
near  Lake  Park,  la.  This  experi- 
ence may  tlirow  little  new  light  upon 
the  general  subject  of  alkali  action 
on  concrete  to  those  who  have  stud- 
ied the  subject  closely  but  it  may 
assist  pipe  manufacturers  in  pro- 
ducing suitable  pipe  for  alkali  con- 
ditions. The  coming  extensive  use 
of  concrete  sewer  pipe  of  all  sizes  is 
to  be  a  successful  industry  if  the 
effects  of  alkali  on  concrete  are  un- 
derstood and  the  means  taken  to 
make  them  proof  against  it.  Irri- 
gation pipe  and  drain  tile  must  come 
in  touch  with  alkali,  at  times  known 
and  at  other  times  unknown  to  the 
manufacturer  and  user,  but  it  is  at 
all  times  possible  to  manufacture 
these  pipe  and  tile  so  that  no  fears 
need  be  entertained  as  to  their  per- 
manence. 

The  history  of  the  case  in  point 
is  as  follows:  The  writer  was  man- 
ager of  a  well  equipped  concrete  tile 
factory  when  in  1911  he  secured  the 
contract  to  furnish  the  tile  for  Dick- 
inson Co.,  la.,  Drainage  Ditch  No. 
15.  The  location  of  this  ditch  was 
in  the  so-called  Black  Swamp,  three 
miles  south  of  Lake  Park,  la.  The 
outlet  tile  were  26-in.  diam.,  decreas- 
ing in  size  through  the  swamp  toward 
the  upper  end.  Two  thousand,  two 
hundred  feet  of  22-in.  tile  and  400' 
of  24-in.  were  designed  to  be  laid 
through  the  lowest  part  of  the 
swamp.  Many  tile  laterals  entered 
this  main  and  usually  where  the 
main  tile  changed  size.  The  outlet 
tile  emptied  into  an  open  ditch  and 
about  100'  below  the  tile  outlet  a 
natural  gully  draining  several  hun- 
dred acres  of  land  came  into  this 
open  ditch.  The  area  of  the  Black 
Swamp  itself  was  nine  sections  of 
land,  of  which  perhaps  one  section 
was  imder  water,  naturally,  most  of 
the  time.  In  this  swamp  there  was 
nothing  to  attract  the  ordinary  ob- 
server to  any  particularly  interest- 
ing or  peculiar  soil  formations  and 
the  vegetation  was  not  out  of  the  or- 
dinary. No  evidence  of  any  large 
quantity  of  alkali  was  apparent. 
The  manufacturer  thought  it  was  up 
to  him  to  make  a  pipe  of  average 
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good  quality ;  he  thought  that  he  had 
as  good  as  the  average  facilities  for 
machine  manufacture  and  necessary 
curing,  and  went  ahead  to  make  the 
pipe.  It  was,  however,  his  first  ex- 
perience with  a  power  tamp  machine 
for  sizes  of  tile  as  Jarge  as  these 
and  his  first  experience  in  shipping 
such  sizes.  A  million  feet  of  small- 
er sizes  had  been  made  and  success- 
fully used.  There  had  been  no  ex- 
perience with  these  with  harmful  ef- 
fects from  alkali. 

The  contract  was  taken  in  the  sum- 
mer of  1911,  the  22-in.  tile  were 
made  in  the  latter  part  of  Oct.  and 
first  few  days  of  Nov.,  in  cold 
weather.  Shipments  to  the  ditch 
were  made  about  20  mi.  in  box  cars 
and  3  mi.  by  wagon  in  the  fall  and 
the  winter  months.  The  tile  were 
made  of  1  part  cement  to  4  parts 
sand,  with  enough  water  to  make  the 
materials  damp  but  not  wet  enough 
to  leave  watermarks  on  the  tile  when 
the  jackets  were  taken  off,  as  is  re- 
quired in  present  day  specifications. 
It  was  impossible  to  tamp  the  con- 
crete with  the  machinery  then-  avail- 
able with  a  larger  amount  of  water. 
The  tile  were  cured  3  das.  and  wat- 
ered each  day,  the  temperature  rang- 
ing in  the  curing  room  from  50° 
at  night  to  80°  in  the  day  time. 
Steam  was  run  into  these  rooms  from 
the  engine  exhaust  through  water  in 
wells  located  in  various  parts  of  the 
curing  room  floor.  The  cement  was 
of  unquestionable  quality.  The  sand 
was  from  a  bank,  not  objectionable 
from  any  standpoint.  A  few  tile 
were  made  out  of  lake  sand  which 
was  too  rounded  and  too  much  the 
same  size  to  be  first-class  but  no 
further  reference  need  be  made  to 
this  fact  since  the  effect  of  the  al- 
kali seemed  equally  destructive  on 
the  concrete  from  both  sands.  A 
continuous  mixer  was  used  which  it 
was  impossible  to  regulate  without 
a  variation  in  the  proportions  of 
from  1 :3l4  to  1  -M/o. 

The  tile  were  laid  in  Feb.  of  1912 
after  the  engineer  for  the  county 
had  tested  each  tile  by  eye  and  with 
a  hammer.  The  writer  did  not  see 
the  tile  laid  but  has  since  learned 
that  in  spading,  chunks  of  white 
substance  shaped  like  pebbles  were 
cut  through  in  large  quantities  and 
that  the  workmen  called  the  soil 
peat.  Tile  were  laid  at  a  depth 
of   7'    and    covered   with   the   bottom 


spading.  In  early  fall  of  that  year 
a  lateral  was  cut  into  the  22-in.  tile 
and  a  workman  notified  the  writer 
that  the  concrete  of  these  tile  seemed 
to  cut  easily  and  the  tile  were  crack- 
ed, where  he  cut  into  the  line  length- 
ways, into  quarters  so  that  the  top 
had  settled  down  1"  to  2".  With 
the  engineer  the  writer  investigated 
and  found  that  the  condition  repre- 
sented was  typical  of  the  entire  line 
of  2,200'  of  22-in.  and  the  400'  of 
24-in.  tile,  and  that  these  tile  were 
cracked  not  only  longitudinally  in 
most  instances  but  minutely  into  ir- 
regular pieces.  The  tile  were  coated 
on  the  inside  with  a  limelike  deposit 
which  was  very  thin  at  the  top  of 
the  tile  and  thickened  below  that  un- 
til it  formed  a  shelf  the  width  of 
one's  hand  at  the  water,  which  was 
4"  to  6"  deep.  Some  of  this  de- 
posit was  hard  and  some  was  soft, 
but  it  was  all  white  in  color.  The 
investigators  were  not  certain  wheth- 
er this  was  alkali  or  whether  this 
case  fulfilled  the  competitor's  widely 
advertised  claim  that  the  "cement 
in  concrete  tile  would  dissolve  and 
leave  a  mere  streak  of  sand."  We 
called  upon  George  P.  Dieckman,^ 
chf.  chem.  for  the  Northwestern 
States  Portland  Cement  Co.  The 
chemist's  report  is  attached. 

After  having  determined  iipon  the 
cause  of  the  difficulty  the  writer  wait- 
ed until  the  fall  of  1913  before  re- 
placing the  disintegrated  tile.  There 
were  some  tile  found  in  this  line 
which  had  not  suffered  the  fate  of 
the  others  and  it  was  noticed  that 
these  specimens  were  the  densest 
concrete.  The  tile  were  carefully 
patched  and  it  was  noticed  that  af- 
ter the  spring  rains  of  1913  the  de- 
posit in  the  tile  had  almost  all  wash- 
ed out  and  the  tile  were  in  better 
condition  than  the  first  season.  As 
a  water-carrying  channel  these  tile 
had  not  failed  to  serve  their  purpose 
and  it  seems  likely  that  ha^  the  tile 
not  been  investigated  up  to  this  time 
no  difficulty  would  have  been  appar- 
ent. While  the  concrete  was  broken 
up  by  the  hair  cracks  so  that  it  was 
easy  to  complete  the  fracture,  and 
while  most  of  the  tile  had  weakened 
enough  to  cause  them  to  break  longi- 
tudinally, still  the  circular  shape 
was  maintained  and  it  is  a  question 
whether  or  not  collapse  would  have 
occurred  as  long  as  the  earth  sup- 
))orted  the  arch  all  the  way  around. 
However,  the  tile  liad  failed  during 
construction,  that  is,  before  the  com- 
pletion of  the  contract,  and  new  tile 
were  demanded.  An  examination  of 
the  entire  main  line  and  the  later- 
als showed  no  sign  of  disintegration 
in  either  1912  or  1913  except  the 
tile  originally  noticed.  This  fact 
may   be   explained   by   the   statement 
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that  the  laterals  passing  through  tlic 
same  soil  as  the  2ti-in.  tile  were  made 
of  richer  proportions  and  a  wetter 
consistency — being  made  on  a  differ- 
ent machine  whicli  required  a  more 
plastic  material  the  the  one  formerly 
used.  Tlie  lower  end  of  the  main 
was  not  affected  by  the  salts  because 
there  was  little  water  to  percolate 
through  them  in  the  higher  ground 
and  because  they  were  made  with 
richer  proportions  than  were  the  22- 
in.  tile. 

The  new  tile  were  made  of  1  part 
Portland  cement,  of  the  same  brand 
as  before,  to  3  parts  of  sand  from 
the  same  bank  as  before,  but  with 
more  care  to  eliminate  the  loam  and 
clay,  and  water  enough  to  show 
when  the  jackets  were  taken  off  the 
tile,  this  being  done  immediately  af- 
ter the  tile  had  been  run  into  the 
curing  rooms.  The  machinery  was 
improved  by  the  addition  of  a  sec- 
ond tamping  device  and  the  tile  were 
cured  for  three  full  days  with  steam 
turned  into  shallow  wells  day  and 
night  so  as  to  maintain  a  uniform 
temperature  of  80°  to  90°.  These 
tile  were  made  in  Sept.  and  Oct.  so 
that  they  aged  after  leaving  the  cur- 
ing rooms  under  favorable  tempera- 
tures for  hardening  until  shipped  in 
Nov.  and  Dec.  It  is  the  writer's  be- 
lief from  investigations  made  that 
all  necessary  precautions  were  taken 
up  to  this  point,  However,  the  tile 
were  rolled  through  a  shallow  trough 
filled  with  water  to  which  cement 
had  been  added  until  a  milky  fluid 
had  been  obtained  and  the  tile  were 
thus  coated  inside  and  outside.  This 
was  done  almost  as  soon  as  the  tile 
were  taken  from  the  curing  rooms 
and  the  tile  were  then  kept  wet  for 
several  days.  The  coating  served  to 
glaze  the  tile  and  no  doubt  filled 
the  pores  wherever  they  existed.  Lit- 
tle breakage  resulted  in  shipping 
and  hauling.  The  tile  were  laid  in 
the  fall  of  1913,  and  have  served 
their  purpose  fully. 

It  is  safe  to  say,  having  studied 
for  several  years  the  subject  of  al- 
kali vs.  concrete  and  having  followed 
the  reports  of  a  number  of  instances 
of  the  kind,  that  the  manufacturer 
who  uses  good  materials  in  proper 
proportions  to  make  dense  concrete 
and  who  compacts  it  well  and  ages 
the  product  for  a  month,  at  a  tem- 
perature above  freezing  is  on  the 
safe  side,  while  he  who  does  not  pay 
attention  to  these  things  runs  some 
risk  of  attack  from  alkali,  should 
the  product  be  placed  where  it  is 
subject  to  it.  I  should  add,  however, 
that  modern  machinery  is  compact- 
ing concrete  better  today  than  it  did 
only  a  year  or  two  ago,  so  that  much 
of  the  danger  of  porosity  is  re- 
moved.     Knowing  that   concrete  be- 
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comes  more  d(;nse  with  age  it  seems 
that  if  the  absorption  is  less  than 
;>%  in  concrete  30  daf>.  old  it  ought 
to  be  alkali-proof  and  suitable  for 
an}'  service.  In  fact  it  has  proved 
so  in  sewers  and  in  alkali  regions  to 
an  extent  which  is  absolutely  con- 
vincing. 


THE     REPORT     OF     CHEMIST  S     INVESTI- 
GATION 

By  Geo.  P.  Dieckman^ 

The  investigation  reported  herein 
was  carried  on  to  determine  the 
cause  of  the  failure  of  a  concrete 
tile  line  in  a  ditch  near  Lake  Park, 
la.,  known  as  the  Dickinson  Co. 
Ditch  No.  15.  This  ditch  was  de- 
signed to  drain  nine  sections  of 
swamp  land,  the  sizes  of  tile  rang- 
ing from  26-in.  nominal  diam.  at  the 
outlet  to  6-in.  in  the  laterals.  Dis- 
integration was  found  in  the  22-in. 
and  24-in.  sizes  on  the  main  line  and 
the  following  procedure  was  adopted 
by  the  chemist  in  his  investigation: 

1.  Examination  of  the  soil  at  the 
drain. 

2.  Examination  of  the  ground 
water.  Eight  samples  were  taken 
from  the  lateral  drains,  from  the 
main  drain  where  the  disintegration 
occurred  on  the  22-in.  tile,  from  the 
outlet  of  the  26-in.  tile  and  three 
more  samples  from  drains  a  few 
miles  east  and  a  few  miles  west  of 
ditch  No.   15. 

3.  Examination  of  the  white  de- 
posit found  on  the  inner  surface  of 
the  tile  above  the  water  line. 

4.  The  chemical  examination  of 
the  concrete  of  the  tile: 

(c)  The  tile  as  made  and  delivered 
by  the  manufacturer,  samples  being 
taken  from  tile  found  on  the  ditch 
side  but  not  used  in  the  ditch. 

(&)  The  22-in.  tile,  under  water 
line. 

(a)  The  22-in.  tile,  above  water 
line. 

5.  Piiysical  condition  in  regar,d  to 
the  strength,  density  and  age  of  the 
tile. 

6.  Conclusions  and  means  recom- 
mended for  preventing  failures  in 
tlie  future. 

Referring  to  No.  1  ;  Examination 
of  the  soil:  The  area  drained  has 
long  been  known  as  the  Black 
Swamp.  It  is  surrounded  by  rolling 
land,  the  hills  containing  gravel  with 
the  clay.  The  soil  in  the  swamp 
consists  of  a  gummy,  sandy  clay, 
overlaid  with  decayed  vegetation, 
several  feet  deep. 

Referring  to  No.   2 ;  Examination 


-Chf.   Chem..    Xorthwestern    States   Portland 
Cement   Co.,    Mason   City,   la. 


of  water:  Note  the  results  of  tests 
in  the  accompanying  table.  The  an- 
alysis of  No.  1  specimen  of  water, 
which  was  taken  from  a  swamp  2 
mi.  east  of  the  Black  Swamp,  and 
that  of  Nos.  5  and  6  which  were 
taken  7  mi.  west  of  the  Black  Swamp 
show  the  prevalence  of  alkali  in  the 
surrounding  territory.  Specimens 
Nos.  1,  5  and  6  were  taken  in  sep- 
arate drainage  basins  and  these  bas- 
ins have  no  connection  with  the 
Black  Swamp.  Specimen  No.  2  was 
taken  from  a  lateral  flowing  into  the 
main  tile  from  the  west  and  No.  4 
from  a  lateral  flowing  into  the  main 
from  the  east.  Both  laterals  were 
8-in.  tile  lines  at  a  depth  where  the 
sample  was  taken  of  approximately 
4'.  Both  No.  2  and  No.  4  show  a 
high  amount  of  salts  or  residue  and 
both  are  almost  of  the  same  compo- 
sition— 220  gr.  to  245  gr.  per  U.  S. 
gal.  was  found  as  the  total  residue, 
which  indicates  an  extremely  bad 
water.  Ordinary  water  usually  con- 
tains 30  gr.  to  50  gr.  The  total  resi- 
due of  these  two  specimens  contains 
68%  and  84%  calcium  and  magne- 
sium sulphate,  both  of  which  ele- 
ments are  very  destructive.  The 
amount  of  alkali  in  these  waters  is 
small.  Specimen  No.  7  was  taken 
in  the  22-in.  tile  line.  Is  shows  over 
21 6  gr.  residue  per  gal.  The  amount 
of  calcium  sulphate  in  this  specimen 
is  lower  than  in  waters  No.  2  and 
No.  4,  but  is  considerably  higher  in 
magnesium  sulphate.  This  water 
also  contained  free  hydrogen-sul- 
phate gas,  which  is  converted  by  oxi- 
dation to  sulphuric  acid.  The  total 
amount  of  sulphate  may  be  about 
60%  of  the  total  residue.  The 
amount  of  sodium  sulphate  is  high- 
er in  this  water  than  in  the  other 
waters.  Sodium  sulphates  are  alka- 
lies. Calcium  sulphates  are  destroy- 
ing agents.  Magnesium  sulphates, 
sodium  sulphates  and  sulphuric  acid 
are  still  more  dangerous  and  more 
destroying  elements,  since  they  crys- 
tallize with  much  more  force.  It  is 
the  crystallization  and  expansion  of 
the  destroying  element  in  the  proc- 
ess of  crystallization  which  disrupt 
the  concrete  and  cause  the  disinte- 
tegration.  (The  volume  of  the  de- 
stroying element  increases  as  much 
as  10-fold  after  changing  from  the 
soluble  condition  to  the  crystalline.) 
Sample  No.  3  was  taken  from  the 
26-in.  tile  at  the  bulkhead  outlet.  A 
ditch  entered  the  main  ditch  just  be- 
low the  outlet  of  the  26-in.  tile  and 
sample  No.  8  was  taken  from  it. 
Water  No.  3  contained  138.8  gr.  and 
No.  8  contained  108.9  gr.  residue 
per  gal.,  which  is  approximately 
50%  less  residue  than  was  found  in 
samples  No.  2  and  No.  7— (showing 
the   probability    that   the   worst   soil 
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•was  in  the  lowest  part  of  the  swamp 
• — where  the  22-in.  tile  lay). 

The  samples  No.  5  and  No.  6  were 
taken  from  Osceola-Dickinson  Co. 
Ditch'  7  mi.  west  of  the  Black 
Swamp.  They  show  76.6  gr.  and 
85.6  gr.  residue  per  gal.,  almost 
75%  less  residue  than  in  waters 
No.  2,  No.  4  and  No.  7,  and  25% 
less  than  in  waters  No.  3  and  No.  8. 
Sample  No.  1  shows  231.6  gr.  of 
residue,  but  this  residue  does  not 
show  such  an  extremely  high  amount 
of  sulphate  as  in  samples  No.  2,  No. 
4  and  No.  7  which  were  taken  from 
the  Black  Swamp. 

Referring  to  No.  3 ;  Examination 
of  the  white  deposit  on  the  inner 
walls  of  the  tile  above  the  water- 
line:  This  deposit  consists  of  calci- 
um and  magnesium  sulphate  salts 
from  the  soil  water.  The  walls  of 
the  tile,  acting  like  a  filter,  take 
out  the  salts  and  these  crystallize  on 
the  inside  surface  of  the  tile  as  evap- 
oration takes  place.  This  deposit, 
as  proven  later  by  analysis  of  the 
tile,  does  not  represent  any  salts 
from  the  concrete.  This  is  a  very 
important  factor,  proving  that  the 
concrete  was  not  disintegrated  by 
the  filtration  of  the  water,  that  is  to 
say  that  the  concrete  had  not  formed 
itself  into  any  soluble  salts. 

Referring  to  No.  4;  Examination 
of  the  physical  condition  of  the  tile: 
Three  samples  of  tile  were  obtained. 
The  first  sample  marked  A  in  the 
report,  was  disintegrated.  It  was 
taken  from  above  the  water  line  and 
was  typical  of  the  majority  of  the 
tile  in  the  line.  The  second  sample, 
marked  B  in  the  report,  was  hard 
and  sound.  It  was  taken  from  be- 
low the  water  line  and  was  a  typical 
specimen.  The  third  sample  was 
taken  from  a  tile  left  on  the  ditch  as 
an  extra,  is  marked  C  in  the  report, 
and  shows  the  quality  of  tile  manu- 
factured for  this  ditch.  All  three 
specimens  were  from  22-in.  tile  hav- 
ing a  wall  thickness  of  approximate- 
ly m"- 

The  chemical  analysis  of  the  three 
specimens  of  tile  shows  a  remark- 
ably close  chemical  composition,  with 
the  exception  of  sulphate  and  mag- 
nesia. Specimen  C,  the  original  tile, 
shows  .75%  of  sulphuric  acid,  equiv- 
alent to  1.07%  sulphate.  The  spec- 
imen B,  taken  from  under  the  water 
shows  .85%  acid  sulphuric  or  1.21% 
of  sulphate — a  small  increase  over 
specimen  C.  Specimen  A,  taken 
from  above  water,  shows  2.51%  acid 
sulphuric,  or  3.12%  of  sulphate,  a 
further  increase.  Specimen  A  shows 
an  increase  of  three  times  the  sul- 
phate found  in  the  original  tile. 

The  amount  of  lime  in  these  three 
specimens  was:  C  =  23.52%,  B 
=  24.68%,  and  A  =  24.52%.     This 


Analysis  of  Speci 

MENS    OF 

Ground  Water 

C.2 

0<i- 

4J  "" 

in  «  "". 

(5  a 

5  6 
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5l 

o     « 

B'a.'ti 

, 

No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

No.  6 

No.  7 

No.  8 

Na.SO^     . . . . 

4.805 

5.481 

4.805 

1.982 

0.075 

4.140 

14.695 

22.685 

CaSO^     

93.183 

148.588 

70.134 

131.905 

41.200 

44.200 

76.393 

54.877 

CaCOj     

3.796 

Mg.SO^     .... 

51.881 

4.723 

43.546 

6.648 

62.050 

Mg.CO^     .... 

16.911 

39.636 

44.437 

42.803 

6.473 

6.939 

31.433 

8.057 

NaCl 

Traces 

Traces 

Traces 

Traces 

Traces 

Traces 

Traces 

Traces 

Acid     Silica. 

28.924 

21.227 

3.324 

2.449 

0.081 

1.866 

22.277 

2.216 

Alumina     .. 

.     3.732 

Traces  ^ 

Tsaces 

4.665 

Traces 

Traces 

Oxide  of  Iron 

Traces 

Traces 

Traces 

Organic    . . . . 

32.191 

25.420 

11.718 

41.405 

16.970 

12.654 

9.563 

13.996 

231.592 

245.093 

138.860 

220.604 

76.667 

85.602 

216.411 

108.890 

is  practically  no  variation  and  shows 
that  the  swamp-water  did  not  aifect 
the  lime  in  the  cement. 

The  silica  in  C  was  44.96%,  in 
B,  44.76%,  and  in  A,  4294%,  prov- 
ing that  the  sulphates  have  replaced 
silica  in  A.  The  magnesium  in  C 
was  3.44%,  in  B,  3.54%  and  in  A, 
4.36%,  which  shows  that  the  disin- 
tegrated tile  has  increased  in  sul- 
phate and  magnesia  and,  as  shown 
by  the  analysis  of  water  No.  7,  the 
water  contained  a  high  percentage 
of  magnesium  sulphates.  These  are 
highly  destroying  elements  by  rea- 
son of  their  great  expansion  while 
crystallizing.  This  analysis  i  proves 
without  doubt  that  the  deposit  found 
on  the  inside  of  the  tile  does  not  rep- 
resent soluble  salts  from  the  con- 
crete itself. 

Tile  subjected  to  such  conditions 
as  are  found  here,  permitting  the 
filtration  of  the  soil  water,  become 
alternately  wet  and  dry  according 
to  the  rains  on  the  basin  drained  and 
this  deposit  then  forms  in  the  con- 
crete and  on  the  inner  surface  above 
the  water  line.  These  repeated  wet- 
tings and  dryings  concentrate  the 
destroying  salts,  magnesium  sul- 
phates, in  the  concrete  and  their  ex- 
pansion causes  the  disintegration, 
the  lorce  exerted  being  greater  than 
the  strength  of  the  concrete.  Frost 
acts  similarly  on  many  materials. 

Specimen  B,  taken  below  water, 
being  constantly  wet,  did  not  disin- 
tegrate because  crystallization  could 
not  occur  under  water,  but  there  is 
no  doubt  that  in  dry  season  when  no 
water  flows  through  the  tile  crystal- 
lization and  consequent  disintegra- 
tion will  occur. 

Specimen  C,  the  original  tile,  was 
sound  and  hard  and  represented  a 
good  specimen  of  concrete.  Speci- 
men C  was  taken  from  a  tile  about 
6  mos.  old.  The  absorption  test 
sliowed  61/2%  in  24  hrs.  What  the 
absorption    was    when   the   tile    were 


laid  in  the  ditch  could  not  be  deter- 
mined, nor  could  the  fitness  of  the 
tile  be  determined,  as  no  tests  were 
made  for  this  at  the  time.  All  tile 
were  tested  by  hammer  and  visual 
inspection  by  the  engineer  in  charge. 
The  manufacturer  stated  that  the 
proportions  were  approximately  1 :4, 
that  the  tile  were  shipped  20  mi.  by 
freight,  and  hauled  to  the  ditch — 
all  in  Oct.  and  Nov.  of  191I  and 
Mar.  of  1912.  The  tile  stood  some 
rough  handling  reasonably  well, 
hence  it  seems  reasonable  to  assume 
that  the  tile  were  of  fair  quality. 
That  the  tile  were  subjected  to  frost 
after  leaving  the  steam  curing  rooms 
of  the  factory  where  they  were  given 
3  das.  curing  probably  retarded  the 
hardening  of  the  concrete  and  made 
them  more  vulnerable  to  attack  by 
the  destroying  elements  in  the  soil 
water.  The  tile  not  being  well  aged 
in  favorable  weather,  and  only  30 
das.  old  when  the  temperatures  were 
below  freezing  much  of  the  time,  not 
enough  strength  developed  to  resist 
the  very  severe  test  put  on  them  in 
this   ditch. 

A  tile,  to  be  subjected  to  such  con- 
ditions as  were  found  in  this  case, 
must  be  made  to  meet  these  condi- 
tions. It  will  be  necessary  for  the 
manufacturer  to  know  that  these 
conditions  may  arise  at  any  time  and 
he  should  test  the  locality  of  each 
job.  A  tile  to  meet  such  extraordi- 
nary conditions  must  be  made  more 
dense  and  by  greater  density  more 
strength  will  be  obtained.  To  ob- 
tain a  greater  density,  a  richer  mix- 
ture must  be  used  and  of  wet  con- 
sistency. Of  course,  it  is  necessary 
that  the  aggregates  entering  into  the 
concrete  shall  have  proper  physical 
qualifications  and  that  neither  the 
aggregates  nor  the  water  shall  con- 
tain, detrimental  materials.  More 
density  is  obtained  by  longer  curing 
and  aging.  It  is  advisable  to  treat 
tlie  tile  with  a  wash  of  neat  cement 
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paint,  or,  better  still,  of  neat  water- 
proof cement  paint.  This  can  be 
spread  on  the  tile  as  soon  as  the 
concrete  is  hard  enough  to  stand 
handling  and  will  produce  a  surface 
practically  impenetrable.  This  ex- 
tra precaution,  of  course,  will  be 
necessary  only  when  the  tile  are  to 
meet  extraordinary  conditions.  The 
adoption  of  such  a  policy  by  the 
manufacturer  will  increase  the  use 
of  concrete  tile  and  help  the  growth 
of  the  industry. 

Simple  tests  for  acids,  alkalies  and 
for  sulphates  may  be  made  by  any 
manufacturer  and  are  not  expensive. 
Take  two  colors  of  litmus  paper. 
Dip  in  the  soil  water  a  piece  of  the 
blue  litmus  paper  and  if  this  turns 
red  you  should  conclude  that  the 
water  contains  acids.  Try  the  red 
paper  in  the  water  and  if  it  turns 
blue  you  may  know  that  the  water 
contains  alkali.  If  the  colors  of  the 
litmus  papers  are  unchanged  the 
water  is  neutral  and  safe.  Almost 
all  water  contains  traces  of  sul- 
phates. To  make  these  sulphate 
tests  pour  some  of  the  water  into  a 
tall  glass  or  glass  tube  sealed  at  the 
lower  end,  add  a  few  drops  of  pure 
hydrochloric  acid  and  then  a  few 
drops  of  a  solution  of  chloride  of 
barium.  Your  druggist  can  do  it 
handily.  If  the  water  becomes 
clouded,  or  milky,  in  other  words, 
there  is  a  small  amount  of  sulphate 
in  the  water,  but  if  a  heavy  white 
precipitate  is  formed  the  water  con- 
tains a  large  amount  of  sulphate. 
Having  found  acid,  alkali  or  heavy 
sulphate  in  the  water  it  will  be  nec- 
essary to  have  this  water  analyzed 
by  a  chemist.  It  will  then  be  appar- 
ent whether  or  not  extra  precautions 
are  required  and  you  will  be  in  a 
position  to  prevent  failures. 


ReinforceH  Concrete  Chimneys  in  Havana 


Concrete   Chimneys  for  the   Tallapie- 
DiA  Power  Station 
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A  very  large  chimney  installation 
has  recently  been  completed  by  the 
Weber  Chimney  Co.,  Chicago,  at  Ha- 
vana, Cuba,  for  the  Havana  Electric 
Ry.,  Light  &  Power  Co.,  consisting 
of  four  chimneys,  each  275'  high  and 
14'  wide  diam.  at  the  top,  giving  a 
total  capacity  to  the  plant  of  37,500 
boiler  h.  p.  These  chimneys  may  be 
seen  at  a  distance  of  18  mi.  at  sea 
when  one  is  approaching  the  City  of 
Havana. 

DESIGN    FEATURES 

It  will  be  noted  from  the  accom- 
panying illustration  that  the  first 
chimney,  in  the  background,  200' 
high,  10'  in  diam,  is  of  the  cylin- 
drical type.  It  was  erected  in  ipiO. 
It  has  a  uniform  diameter  through- 
out its  height,  while  the  new  im- 
proved type  of  chimneys  is  tapered, 
having  the  diameter  decrease  with 
the  height.  The  shell  thickness  also, 
decreases  proportionately  to  the 
height,  thus  giving  much  lower 
stresses  throughout  the  structure. 

Calculations.  —  The  calculations 
used  in  the  design  of  these  chimneys 
were  based  on  the  formulas  of  Tur- 
neaure  &  Maurer,  as  published  in 
their  'Principles  of  Reinforced  Con- 
crete, 1910  Edition. 

Storage  Rooms. — In  order  to  over- 
come the  objectionable  features  of 
space  occupied,  it  was  decided  to 
place  a  floor  in  the  lower  part  of  the 
chimney  for  storage.  This  was  also 
done  on  the  second  floor,  thus  giving 
two  complete  storage  rooms  at  each 
floor  level,  the  boilers  being  on  the 
second  floor  level.  The  smoke  open- 
ing into  the  chimney  is  50'  above  the 
grade,  grade  being  at  the  top  of  the 
foundation.  The  upper  storage  room 
in  the  chimney  has  a  ceiling,  which 
answers  the  purpose  of  the  bottom 
of  the  chimney  and  prevents  soot  and 
smoke  from  coming  down  into  the  up- 
per storage  space.  In  each  chimney 
there  are  two  openings  which  are 
spaced  opposite  and  each  opening  is 
protected  by  a  baffle  wall  in  the  cen- 
ter of  each  chimney  from  any  down- 
draft  that  might  occur. 

Lightning  Protection. — The  ques- 
tions of  lightning  protection  came  up 
and  it  was  learned  that  when  con- 
crete chimneys  had  been  struck  by 
lightning,  no  damage  had  been  done, 
the  steel  seeming  to  act  as  a  conduc- 
tor. However,  the  engineers  decided 
that  they  would  take  trolley  wire  and 
wrap  the  vertical  members  of  the  up- 
per section,  leaving  six  points  stand- 
ing above  the  top   of  the   chimney; 


this  was  done  before  the  concrete  was 
j)oured,  of  course,  and  the  chimneys 
had  not  been  struck  by  lightning  up 
to  this  time.  'It  is  hard  to  determine 
just  what  efficiency  this  copper  cable 
has,  but  it  is  a  well  known  fact  that 
reinforced  concrete  chimneys  will 
stand  up  under  lightning,  better  than 
any  other  type  of  construction.  The 
brick  chimney,  or  brick  structure  of 
any  kind,  upon  being  struck  by  light- 
ning is  partially  or  wholly  wrecked, 
whereas  concrete,  where  reinforced, 
provides  a  conductor  within  itself  to 
take  care  of  any  electrical  charge. 

Reinforcement. — The  four  large 
chimneys  as  illustrated  rest  on  a  re- 
inforced concrete  foundation  32'  x 
32',  6'  6"  thick.  This  foundation  is 
reinforced  both  parallel  and  diagon- 
ally to  the  sides,  and  the  vertical  re- 
inforcement of  the  shaft  consists  of 
200  %-in.  round  bars  coming  down 
into  the  foundation  and  anchoring 
beneath  the  horizontal  steel  in  the 
foundation.  The  vertical  steel  is 
continuous  throughout  the  height  and 
takes  up  all  the  bending  stresses 
caused  by  the  wind-pressure.  Sur- 
rounding these  vertical  bars  are 
rings  throughout  the  center  height 
of  the  chimney,  spaced  14"  o.  c. 
These  rings  take  up  all  the  shearing 
stresses  caused  by  wind  and  tempera- 
ture. 

CONSTRUCTION  FEATURES 

Selection  of  Materials. — Near  Ha- 
vana there  may  be  obtained  a  river 
sand,  which  is  a  very  good  material 
for  concrete  purposes;  however,  the 
rock  question  is  a  serious  one,  as  there 
is  no  rock  or  gravel  in  that  locality. 
As  the  Havana  Ry.  Co.  was  re-pav- 
ing a  number  of  its  tracks,  an  excel- 
lent material  was  obtained  by  using 
the  old  granite  cobble-stones  brought 
over  from  Sweden  in  the  early  days 
as  ballast,  in  the  schooners  which 
were  coming  to  Havana  for  sugar. 
These  blocks  were  crushed  by  a  ma- 
chine brought  from  New  York  for 
this  purpose.  The  sand  being 
brought  down  on  barges  and  the  rock 
having  to  be  crushed  especially  for 
this  purpose,  made  the  material  some- 
what expensive. 

Miscellaneous.  —  The  chimneys 
were  built  two  at  a  time,  a  section 
of  4'  6"  being  built  each  day  on 
each  chimney.  The  forms  were  con- 
structed of  wood.  The  chimneys  are 
finished  at  the  top  with  a  panel  ef- 
fect as  shown  in  the  accompanying 
illustration,  making  them  very  attrac- 
tive in  appearance. 
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Design  Methods  in  Concrete  Construction- 
Columns  and  Footings 
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By  Jerome  Cochran,  C.  E. 


This  is  the  fifth  of  a  series  of  arti- 
cles on  Design  Methods  in  Concrete 
Construction.  In  the  first  and  the 
second  article,  published  in  this 
magazine,  for  Jan.,  1915,  and  Feb., 
1915,  were  given,  analytically  and 
graphically,  the  general  principles 
which  govern  the  determination  of 
the  bending  moments  and  shears  in 
simple  beams  under  applied  loads. 
The  analysis  of  stresses  in  rein- 
forced concrete  rectangular  beams 
was  considered  in  the  Mar.,  1915,  is- 
sue. The  formulas  used  in  design- 
ing T-beams  were  considered  in  the 
fourth  article  ptiblished  in  the  Apr., 
1915,  issue,  as  well  as  the  applica- 
tion of  formulas  to  the  design  of 
beams  and  slabs.  The  present  article 
trill  be  devoted  to  the  design  of  col- 
umns and  footings,  although  it  was 
previously  announced  that  the  next 
article  would  consider  beams  rein- 
forced for  compression,  as  well  as  a 
more  detailed  consideration  of  beam 
and  slab  designs.  These  subjects 
will  be  treated  in  a  later  issue. 

For  more  intricate  details  of  rein- 
forced concrete  design  the  reader  is 
referred  to  such  excellent  treatises 
on  design  as  Brook's  Reinforced 
Concrete;  Hool's  Reinforced  Con- 
crete Construction,  Vol.  I  and  II; 
liansome  4'  Saurbrey's  Reinforced 
Concrete  Buildings ;  Taylor  c^' 
Thompson's  A  Treatise  on  Concrete, 
Plain  and  Reinforced;  and  Turn- 
eaure  Sf  Maurer's  Principles  of  Rein- 
forced Concrete  Construction. 


COLUMNS 

Concrete  columns  may  be  either 
plain,  or  reinforced  with  longitudinal 
bars  only,  or  with  bands  or  spirally 
wound  metal  (called  hooped  col- 
umns), or  with  both  hoops  and  longi- 
tudinal bars  or  with  structural  steel 
shapes. 

The  Joint  Committee  recommend- 
ed that  reinforced  columns  be  limited 
to  a  length  of  about  15  diameters, 
while  plain  concrete  columns  should 
be  limited  to  12  diameters,  according 
to  this  Committee.  Plain  concrete  is 
entirely  suitable  for  short  columns 
up  to  lengths  of  6  diameters  to  10 
diameters,  but  for  more  slender  pro- 
portions hooped  or  banded  columns 
are  much  to  be  preferred. 


PLAIN   CONCRETE   COLUMNS 

The  following  formula  for  the 
compressive  fiber  stress  due  to  eccen- 
tric loading  upon  solid  rectangular 
columns  of  homogeneo»us  materials 
may  be  used  for  columns  of  plain 
concrete  (see  Fig.  1),  being  taken 
from  Hool's  Reinforced  Concrete 
Construction,  Vol.  I.  Fundamental 
Principles 

R  =  total  load 

A  =  area  of  column 

Xo  =r  eccentricity 

t  :=:  breadth  of  column 

fc  rr:  total  unit  pressure  on  outer 
fiber  nearest  to, line  of  vertical  pres- 
sure. 

Then 

R  6Xo 

fc  =  -(i-\- ; 

A  t 

and  the  additional  intensity  of  com- 
pressive stress  due  to  eccentric  load- 
R         6Xo 

ing  is  seen  to  be  equal  to  —  X  

A  t 

COLUMNS    WITH    LONGITUDINAL    REIN- 
FORCEMENT 

Since  the  modulus  of  elasticity  of 
a  material  is  the  ratio  of  stress  to  de- 
formation, it  follows  that  for  equal 


1 


t 


Fig.  1 — Sketch  Showixo  Eccentrically 
Loaded  Concrete  Column 

deformations  the  stresses  in  the 
steel  and  concrete  of  a  concrete  col- 
umn will  be  as  their  moduli  of  elas- 
ticity.    Thus, 


Let 

A  =  total  cross-section  of  column 
Ac  =  cross-section  of  concrete 
As  =  cross-section  of  steel 
As 

p  =  steel  ratio  =  • 

A 
fc  =  stress  in  concrete 
fs  =  stress  in  steel 
Es 

n  ^= 

Ec 
P'    =    total    strength    of   a   plain 
column  for  the  stress  fc 

P  =  total  strength  of  a  reinforced: 
column  for  the  stress  fc. 
Then, 

P'  =  fc  A 
or  P  =  fc  Ac  -{-  fs  As  =  fc  (A 
—  pA)  -\-  fc  np  A 
Thus, 

P=fcA  [l^(n-l)p]        (1). 
from  which  also 
P 

—  =  1  +  (n-l)p  (2> 
P' 

The  relative   increase   in   strength 
caused  by  the  reinforcement  is 
P—P' 

=  (n—1)  p  (3) 

P' 

Example: — The  effective  area  of  a 
column  is  144  sq.  in.;  load  to  be 
carried  is  75,000  lbs. ;  and  working 
stress  on  the  concrete  is  450  lbs.  per 
sq.  in.  What  percentage  of  longi- 
tudinal bars  without  hooping  (but 
with  wire  stays  about  12"  centers) 
will  be  required,  taking  n  as  15.'' 

The  safe  strength  of  a  plain  con- 
crete column  would  be 

144  X  450  =  64,800  lbs. 
Hence,  from  equation  (2), 
P  75 

r.  =  i  +  r  15-l)p       . 

P'  6Jf.8 

p  =:  1.2  per  cent. 

COLUMNS    WITH     HOOPED    AND     LONGI- 
TUDINAL   REINFORCEMENT 

These  columns  have  the  vertical 
reinforcement  combined  with  spiral, 
hooping.  Tests  show  that  about  1% 
of  a  closely  spaced  spiral  of  high 
carbon  steel  is  sufficient  to  prevent 
the  longitudinal  bars  from  bulging 
outward  and  will  provide  a  satisfac- 
tory amount  of  toughness  with  a  cor- 
responding raising  of  the  ultimate 
strength  beyond  the  elastic  limit. 

Example: — What  sectional  area  of 
vertical  steel  will  be  required  for  a 
round  column  limited  to  32  in. 
diameter,  which  has  to  bear  640,000 
lbs.;  with  a  working  stress  of  650 
lbs.  per  sq.  in.  on  the  concrete  and 
.0,750  lbs.  per  sq.  in.  on  the  steel, 
with  1%  of  bands  or  spirals,  as  rec- 
ommended by  tlic  Joint  Committee."* 
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One  and  one-half  inch  will  be  con- 
sidered a  sufficient  protective  cover- 
ing for  the  hooped  reinforcement. 
Taking  the  area  with  the  hooping  as 
effective,  the  safe  strength  of  a  cor- 
responding plain  concrete  column 
would  be 

S.Uied-                            3.1416(29)^ 
(650)    =   

(650)  =  429,000 
Hence,  from  equation   (2) 

P         640 

-  = =  1  +  (15-1)  p 

P'         429 

P  =  3.5  per  cent. 

WALL    FOOTING 

Assuming  the  load  to  be  65,000  lbs. 
per  lin.  ft.  of  wall  and  the  allowable 
bearing  on  the  soil  5,000  lbs.  per  sq. 
ft.,  the  width  of  footing  will  be  Qp,- 
000  -^  5,000  =  13'.  The  thickness 
of  the  M^all  is  2'  (see  Fig.  2).  The 
footing  will  be  designed  at  three  sec- 
tions, at  a,  41^2'  from  the  center  of 
the  wall,  at  h,  3'  from  the  center,  and 
at  c,  1'  from  the  center.  Taking  a 
1-ft.  length  of  footing  the  vertical 
shears  and  bending  moments  will  be 
as  follows. 

Va  =  5,000  X  2  =  10,000  lbs. 

Vb  =  5,000  X  31/2  =  17,500  lbs. 

Vc  =  5,000  X  51/2  =  27,500  lbs. 
5,000  X  2^  X12 

Ma  =  =  120,000 

2 

lbs.  ins. 

5,000  X  S.5^  X  12 

Mb  = =367,500 

2 

lbs.  ins. 

5,000  X5.52  X  1^ 

Mc  = =  907,500 

2 

lbs.  ins. 

The  concrete  will  be  assumed  to 
have  an  allowable  compressive  unit- 
stress  of  fc  =  650  lbs.  per  sq.  in. 
and  the  steel  to  have  an  allowable 
tensile  unit-stress  of  fs  :=  16,000  lbs. 
per  sq.  in.  The  ratio  of  the  modulus 
of  elasticity  of  steel  to  that  of  con- 
crete will  be  assumed  as  n  =  15. 
The  depth  to  center  of  reinforcing 
steel  necessary  to  give  a  compressive 
stress  in  the  concrete  of  650  lbs.  per 
sq.  in.  is  given  by  the  formula,  d  = 
the  square  root  of  M  -^  Rb,  in  which 
R  =  fc  Jcj  -f-  2.  In  the  latter  for- 
mula k  =  the  square  root  of  2  pn  -\- 
(pn)^  minus  pn  and 

l—k  2 


J  =  —'  P 


fs/  fs 

-     -      +i 

fc  \nfc 

The  work  involved  in  getting  the 
value  of  R  will  be  greatly  reduced 
by  using  the  diagrams  found  in 
Turneaure  &  Maurer's  Principles  of 

June,  1915 


Fig.  2 — Reinforced  Concrete  Wall 
Footing 

Reinforced  Concrete  Construction. 
For  the  problem  at  hand  the  value 
of  R  is  106. 

Solving  for  d,  we  have  da  =  the 
square  root  of  120,000  -^  (IO6  X 
12)  =  9.7  ins.;  db  =  17.0  ins.;  and 
dc  =  26.7  ins.  (27  ins.  being  adopt- 
ed). 

As  it  is  inadvisable  to  use  a  depth 
at  any  section  less  than  about  6"  the 
form  shown  in  Fig.  2  will  be  adopt- 
ed. The  steel  in  the  bottom  will  be 
given  a  2-in.  insulation. 

The  area  of  steel  required  at  each 
section  is  given  by  the  formula, 

M 

As  =  

fs  jd 
Using  the  values     of    d    obtained 
above,   so   that  the    footing   may   be 
equally  strong  in  tension  and  in  com- 
pression: 

Jrt=  120,000/  (16,000  X  0.86 
X   9.7)   =  0.89  sq.  in. 

^6  =  367,500/  (16,000  X  0.86 
X   17.0)  =  1.57  sq.  in. 

Ac  =907,500/  (16,000  X  0.86 
X  26.7)  =  2.48  sq.  ins. 

Using  a  bar  spacing  of  3"  c.  to  c. 
there  will  be  4  bars  in  1'  of 
length  of  the  footing.  The  required 
area  of  each  bar  will  be  2.48  -^  4  ^ 
0.62  sq.  in.  A  ^^(j-in.  sq.  twisted  bar, 
giving  an  area  of  0.66  sq.  in.,  will  be 
adopted,  although  ll/g-in.  sq. 'bars 
spaced  6"  centers  would  also  an- 
swer. Three  ^yiQ-in.  sq.  twisted  bars 
will  furnish  the  required  area  at  b, 
while  two  bars  furnish  that  required 
at  a;  hence  certain  of  the  bars  may 
be  bent  up  or  cut  off  as  shown  in 
Fig.  2. 

Using  an  allowable  bond  unit- 
stress  of  140  lbs.  per  sq.  in.  of  bar 
surface  the  necessary  length  of  bar 
to  develop  full  strength  is  (16,000 
X  0.66)/(140  X  3.25)  =  23.2  ins. 
Computing  the  bond  stress  in  the 
bars  by  the  formula 

Sd  — M  tan  a. 


in  which  tan  «  is  the  slope  of  the  up- 
per surface  of  the  footing  and  2o 
the  perimeter  of  the  bars  at  the  sec- 
tion in  question,  the  values  are  as 
follows : 

10,000  X  13M  —  120,000 
ua  =. 


X  0.S18 


0.86  X  13.64"^  X  €.50 


-94  lbs.  per  sq.  in. 


lib 


17,500  X  19.36  —  367,500 


X  0.318 


0.86  X  19.36^  X  9.75 


—  =^71  lbs.  per  sq.  in. 
27,500  X26.7  —  907,500 


X  0.318 


0.86  X  ^6.7^  X  IS 


56  lbs.  per  sq.  in. 


jd'~  2o 


All  of  these  values  are  well  below 
the  safe  limit  of  140  lbs.  per  sq.  in. 

Assuming  that  the  concrete  takes 
no    longitudinal    tension    the    maxi- 
mum intensity  of  diagonal  tension  is 
given  by  the  formula 
Sd  — M  tan  « 

t   = 

jd^ 

The  maximum  diagonal  tension 
may  also  be  computed  by  taking  the 
bond  stress  values  and  multiplying 
them  by  the  perimeter  of  the  bars, 
resulting  in  a  shorter  method  than 
using  the  above  formula. 

Thus, 

ta  =  (94  X  6.50)  ~  12  =  51 
lbs.  per  sq.  in. 

tb  =  (71  X  9.75)  -^  12  =  58 
lbs.  per  sq.  in. 

tc  =  (56  X  IS)  -^  12  =  60 
lbs.  per  sq.  in. 

As  the  diagonal  tension  exceeds  40 
lbs.  per  sq.  in.,  which  is  allowed  by 
conservaitive  specifications,  stirrups 
will  be  designed  to  carry  all  of  this 
tension.  Placing  the  stirrups  on  a 
45-deg.  slope  and  using  %-in.  square 
twisted  bars  with  two  prongs  in  a 
12-in.  length,  as  shown  in  Fig.  2. 
the  strength  of  one  line  of  stirrups 
in  a  12-in.  length  will  be  16.000  X 
(3/8)^  X2  =  4,500  lbs.  The  hori- 
zontal distance  between  rows  of  stir- 
rups mav  be  found  bv  the  formula 
4.060 

S  = 

12XtX  cos  45° 
giving 

Sa  =  4,500/12  X  51  X  0.707  = 
10  inches 

Sb  =  4,500/12  X  58  X  0.707  = 
9  inches 

Sc  =  4,500/12  X  60  X  0.707  = 
8  inches 

A  uniform  spacing  of  9"  '^vill  be 
adopted. 

The  maximum  intensity  of  vertical 
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shears  occurs  at  the  top  of  the  foot- 
ing and  equals  fc  tan  «,  where  * 
is  the  inclination  of  the  upper  sur- 
face of  the  slab.  The  shearing  stress 
is  therefore  650  X  0.318  =  206  lbs. 
,  per  sq.  in. 

COLUMN'    FOOTINGS 

A  concrete  footing  with  two-way 
reinforcement  as  shown  in  Fig.  3  is 
not  as  susceptible  of  a  rational  an- 
alysis as  that  with  four-way  rein- 
forcement. The  stresses  in  either 
type  may  be  approximately  analyzed 
by  either  flat-slab  or  beam  formulas. 
The  design  of  a  footing  based  on  the 
flat-slab  principle  is  given  on  p.  644 
of  the  second  edition  of  Taylor  & 
Thompson's  Concrete,  Plain  and  Re- 
inforced. Very  tedious  computations 
are  involved  with  the  formulas  based 
on  the  theory  of  the  flat  plate,  which 
arc  only  approximations. 

It  is  usually  assumed  that  the  sec- 
tion of  maximum  bending  moment 
and  shear  is  at  the  outer  face  of  the 
column  when  using  beam  formulas. 
With  the  two-way  reinforced  foot- 
ing the  stress  cannot  be  uniformly 
distributed  over  this  section.  Re- 
ferring to  Fig.  3,  the  load  from  the 
soil  at  point  t  will  go  to  the  column 
through  ut  acting  as  a  cantilever 
beam,  while  part  of  the  load  at  r 
will  first  go  to  some  point  as  t 
through  rt  acting  as  a  beam,  and  the 
balance  to  some  point  as  s  through 
rs  acting  as  a  beam.  The  part  which 
goes  to  t  will  then  go  to  u  through 
tu  acting  as  a  beam,  while  the  part 
which  goes  to  s  will  go  to  v  through 
sv  acting  as  a  beam.  The  stress  along 
the  plane  X-X  will  vary  from  a  min- 
imum near  the  sides  of  the  footing  to 
a  maximum  at  the  column  face. 

Prof.  A.  N.  Talbot,  in  Bulletin 
No.  67,  Engrg.  Exp.  Sta.,  Univ.  of 
111.,  summarizes  the  proper  method 
of  designing  reinforced  concrete  col- 
umn footings  as  follows: 

For  footings  having  projections  of  or- 
dinary dimensions,  the  critical  section 
for  the  bending  moment  for  one  direc- 
tion (which  in  two-way  reinforced  con- 
crete footings  is  to  he  resisted  by  one  set 
of  bars)  may  be  taken  to  he  at  a  verti- 
cal section  passing  through  the  face  of 
the  pier.  In  calculating  this  moment,  all 
the  upward  load  on  the  rectangle  lying 
between  a  face  of  the  pier  and  the  edge 
of  the  footing  is  considered  to  act  at  a 
center  of  pressure  located  at  a  point 
half  way  out  from  the  pier,  and  half  of 
the  upward  load  on  the  two  corner 
squares  is  considered  to  act  at  a  center 
of  pressure  located  at  a  point  six-tenths 
of  the  width  of  the  projection  from  the 
given  section.    *     ♦     •     ♦     • 

With  two-way  reinforcement  evenly 
spaced  over  the  footing,  it  seems  that 
the  tensile  stress  is  approximately  the 
same  in  hars  lying  within  a  space  some- 
what greater  than  the  width  of  the  pier 
and  that  there  is  also  considerahle  stress 
in  the  bars  which  lie  near  tlie  edges  of 
the  footing.  In  intermediate  bars  stresses 
intermediate  in  amount  will  be  developed. 


Fig.  3 — ^Reinforced  Concrete  Column 
Footing 

In  footings  having  two-way  reinforcement 
spaced  uniformly  over  the  footing,  the 
method  proposed,  for  determining  the 
maximum  tensile  stress  in  the  reinforcing 
bars,  is  to  use  in  the  calculation  of  resist- 
ing moment  at  a  section  at  the  face  of 
the  pier  the  area  of  all  the  bars,  which 
lie  within  a  width  of  footing  equal  to  the 
width  of  pier  plus  twice  the  thickness  of 
footing,  plus  half  the  remaining  distance 
on  each  side  to  the  edge  of  the  footing. 
This  method  gives  results  in  keeping  with 
the  results  of  tests.  When  the  spacing 
through  the  middle  of  the  width  of  the 
footing  is  closer,  or  even  when  the  bars 
are  concentrated  in  the  middle  portion, 
the  same  method  may  be  applied  without 
serious  error.  Enough  reinforcement 
snould  be  placed  in  the  outer  portion  to 
prevent  the  concentration  of  tension 
cracks  in  the  concrete  and  to  provide  for 
other  distribution  stresses. 

The  method  proposed  for  calculating 
maximum  bond  stress  in  column  footings 
having  two-way  reinforcement  evenly 
spaced  as  noted  in  the  preceding  para- 
graph, is  to  use  the  ordinary  bond-stress 
formula,  and  to  consider  the  circumfer- 
ences of  all  the  bars  which  were  used  in 
the  calculation  of  tensile  stress,  and  to 
take  for  the  external  shear  that  amount 
of  upward  pressure  or  load  which  was 
used  in  the  calculation  of  the  bending 
moment  at   the  given   section. 

In  the  preceding  discussion  the 
slab  is  assumed  to  have  a  horizontal 
upper  surface. 

FOUR-WAY    REINFORCED    FOOTING 

On  pp.  479-81  of  Jacoby  and 
Davis'  Foundations  of  Bridges  and 
Buildings,  the  design  of  a  four-way 
reinforced  concrete  footing  is  worked 
out  in  complete  order.  This  type  of 
footing  is  more  susceptible  of  a  ra- 
tional analysis  than  the  two-way  re- 
inforced   footing   and   tests   made   at 


the  Univ.  of  111.  by  Prof.  A.  N.  Tal- 
bot show  that  this  type  gives  a  some- 
what stronger  footing  than  the  two- 
way  type. 

COMBINED    REINFORCED    FOOTING 

Where  one  footing  serves  for  two 
columns,  the  method  of  obtaining  the 
shape  of  footing,  as  well  as  the 
shears  and  bending  moments,  is  simi- 
lar to  that  for  the  I-beam  grillage 
designed  on  pp.  464-8  of  Jacoby  & 
Davis'  Foundations  of  Bridges  and 
Buildings,  to  which  the  reader  is  re- 
ferred, as  well  as  to  an  example  of 
this  type  of  footing  worked  out  on 
p.  647  of  the  second  edition  of  Tay- 
lor &  Thompson's  Concrete,  Plain 
and  Reinforced. 


Waterproofing    and    Damp- 
proofing  in  Egypt 

There  is  a  considerable  amount  of 
waterproofing  and  dampproofing 
material  used  in  Egypt,  according  to 
Commerce  Reports.  Most  of  the 
houses  here  have  flat  roofs,  asphalt 
being  generally  employed  by  local 
contractors  for  roofing  purposes.  Of 
late  asphalted  felt  and  bituminous 
sheeting  protected  by  plaster  have 
come  into  use  and  are  giving  satis- 
faction, as  they  aff'ord  ample  protec- 
tion from  the  violent  sun  and  occa- 
sional but  torrential  rains.  Rain 
falls  'but  a  few  times  a  year  in 
Egypt,  but  when  it  does  it  is  excep- 
tionally heavy.  Alexandria  has  a 
slightly  heavier  rainfall  annually 
than  any  other  city  in  Egypt. 

The  use  of  paints  on  the  outside 
of  stucco  and  concrete  for  damp- 
proofing  purposes  is  not  customary. 
It  has  been  found,  however,,  that 
where  local  bricks  have  been  used  in 
the  construction  of  houses  they  have 
not  proved  durable,  and  occasionally 
a  coating  of  English  manufacture, 
called  ."Szerelmy,"  has  been  applied 
with  some  success.  Stucco  and  con- 
crete walls  do  not  crack  if  the  work 
has  been  well  done. 

American  firms  have  attempted  on 
several  occasions  to  introduce  their 
dampproofings  and  waterproofings 
in  Egypt  and  some  sales  have  result- 
ed. 'There  are  two  concerns,  both  in 
Cairo,  controlled  by  British  capital, 
that  have  a  practical  monopoly  on  all 
the  dampproofing  and  waterproofing 
sold  in  Egypt.  Figures  of  importa- 
tion of  proofings  are  not  available, 
felting  and  roofing  not  being  speci- 
fied in  the  customs  statistics. 


X 


The  central  mill  of  the  Giant  Port- 
land Cement  Co.,  at  Egypt,  Pa.,  has 
resumed  operations.  The  Reliance 
mill  of  the  same  company  is  closed 
for  a  short  time  to  make  repairs. 
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Field  Methods  in  Concrete  Construction 
Beam  and  Slab  Forms 

By  Jerome  Cochran,  C.  E/ 


The  series  of  articles  on  field  meth- 
ods in  concrete  construction,  of  rvhich 
this  is  the  fifth,  has  been  planned  in 
opposition  to  the  general  assumption 
on  the  part  of  wrifers  that  standards 
or  methods  of  construction  have  been 
established  long  ago  and  have  be- 
come common  knowledge.  The  first 
articles  on  "Selection  of  Concrete 
Materials"  appeared  in  this  maga- 
zine for  Jan.,  1915;  the  second  ar- 
ticle on  "Proportioning  and  Mixing 
Concrete"  appeared  in  Feb.,  1915; 
the  third  article  on  "Design  and  Con- 
struction of  Forms  in  General"  ap- 
peared in  Mar.,  1915,  and  the  fourth 
article  on  "Column  Forms"  appeared 
in  Apr.,  1915. 

The  folloTving  article  relates  to  the 
fabrication  and  the  erection  of  beam 
and  slab  forms. 

INTRODUCTION 

Slab  and  girder  construction  for 
floors  and  roofs  is  of  four  kinds: 
(1)  Concrete  slab  and  steel  beam 
construction  in  place;  (2)  concrete 
slab  and  girder  construction  in  place ; 
(3)  concrete  joist  and  hollow  tile 
construction  in  place  (resting  on  con- 
crete or  steel  beam)  ;  and  (4)  sep- 
arately molded  slab  and  beam  con- 
struction. The  fourth  method  of 
construction  is  distinct  from  the  oth- 
ers in  respect  to  form  work  as  well 
as  other  details,  and  will  not  be  con- 
sidered in  this  article. 

A  rough  and  very  expensive  meth- 
od of  constructing  floor  forms  con- 
sists in  putting  them  together  box- 
fashion,  nailing  all  the  joints  secure- 
ly. Such  forms  cannot  be  removed 
without  breaking  the  lumber  to  pieces 
and  destroying  a  great  deal  of  the 
concrete,    particularly   the    corners. 

An  improvement  over  this  method 
consists  in  making  the  slab-panel 
forms  each  in  one  piece  as  discussed 
elsewhere  in  this  article,  resting  upon 
the  form-panels  for  the  beam-sides. 
Fig.  1  shows  schematically  the  most 
essential  parts  of  this  arrangement, 
of  which  there  is  a  very  large  num- 
ber of  variations.  Usually,  however, 
the  parts  are  so  arranged  that  the 
beam-bottom  with  the  shores  under 
same  can  be  left  in  place  while  the 
panels    are   being   removed,    for   the 
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purpose  of  keeping  the  beams  sup- 
ported for  a  longer  period  than  the 
slab. 

Such  an  arrangement  insures  the 
safety  of  the  s.tructure,  for  while  the 
concrete  may  have  been  assumed  as 
having  sufficient  strength  for  the 
slabs  to  carry  their  own  weight,  it  is 
advisable  to  leave  the  shores  under 
the  beams  or  girders  for  a  period  of 
a  week  longer,  at  least,  entirely  to 
avoid  any  danger  of  a  collapse.  This 
also  at  the  same  time  releases  the 
greater  part  of  the  form  work  for 
use  again.  It  is  of  advantage  also 
to  lay  bare  the  concrete  as  soon  as 
possible  to  the  hardening  action  of 
the  free  air.  The  slabs  may  be  simi- 
larly supported  by  shores  wedged  up 
against  plank  caps;  no  very  great 
amount  of  lumber  is  required  for  this 
staging  and  it  gives  a  large  assur- 
ance of  safety. 

An  improved  method  of  centering 
is  shown  in  Fig.  23,  where  the  long 
box  is  split  centrally  down  the  mid- 
dle, cfich  half  being  held  together 
by  the  triangular  cleats,  while  the 
two  halves  are  hinged  together.  The 
beam  bottoms  rest  upon  cleats  along 
the  lower  edge  of  the  box,  and  these 
cleats  also  strengthen  the  bottoms  of 
the  boxes  where  they  rest  upon  the 
supporting  benches  or  horses.  Re- 
movable heads  are  used  to  close  the 
boxes  at  each  end.  In  removing  the 
forms,  the  horses  are  first  taken 
down,  then  the  removable  heads  are 
taken  off,  and  finally,  the  boxes  are 
collapsed  and  removed. 

Several  objections  to  the  common 
method  of  constructing  beam  and 
slab  forms  are  overcome  in  this  ar- 
rangement, i.  e.,  the  forms  them- 
selves can  be  taken  down,  again  put 
together,  and  erected  by  ordinary 
labor,  there  being  no  cutting  or  ad- 
justment of  any  kind.  Falsework  of 
the  ordinary  kind  is  soon  destroyed 
by  the  continuous  prying  and  pound- 
ing required  to  get  it  loose  from  the 
concrete,  and  the  jarring  and  knock- 
ing about  while  shifting  from  floor 
to  floor.  The  horses  used  for  sup- 
porting the  boxes  in  the  latter  type 
form  at  once  a  safe  and  even  foun- 
dation for  the  form  work. 

A  suggested  scheme  for  slab  and 
beam  forms  is  given  in  Godfrey's 
Concrete,  p.  116,  as  follows: 

Use  a  heavy  plank  under  the  girder  4" 
wider  than  the  girder.     On  top   of  this 


nail  a  1-in.  plaiu-d  hoard,  the  width  of 
the  girder,  along  the  middle  of  the  plank. 
'Ili^re  will  he  a  2-in.  margin  on  each  side. 
One  in.  of  this  will  he  taken  up  with  tiie 
side  hoards  for  the  girder.  'Hie  other 
inch  will  he  used  as  a  ledge  to  support 
the  joists  for  the  slah  which  can  be 
hlo<'ked  up  hy  nailing  them  to  the  ver- 
tical studding"  for  the  sides  of  the  girder. 
If  strips  1)6  nailed  lightly  to  these  joists 
and  studding,  and  if  the  sheathing  for 
slahs  and  girders  he  nailed  together  with 
cleats  to  form  units,  there  will  need  to 
he  but  little  nailing  into  the  wood  in  con- 
tact with  the  concrete.  The  heavy  plank 
under  the  girder  should  he  supported  by 
props  from  3'  to  6'  apart.  For  heavy 
girders  it  may  be  stiffened  by  knee  braces 
to  the  props  or  by  a  pair  of  joists  nailed 
to  the  side  of  the  props. 

FABRICATION    OF    BEAM    AND    GIRDER 
BOXES    OR    FORMS 

A  very  common  method  of  fabri- 
cating beam  and  girder  forms  is  to 
use  inverted  boxes  with  the  sides 
made  with  a  draw,  consisting  of  two 
planks  or  whatever  number  is  re- 
quired to  make  the  depth,  battened 
or  cleated  together  so  that  each  side 
can  be  handled  as  one  piece.  For 
beams  12"  or  less  in  depth,  it  is  usu- 
ally customary  to  use  a  single  board 
on  the  side,  but  for  beams  or  girders 
16"  or  18"  in  depth,  two  or  more 
boards  running  lengthwise  of  the 
construction  are  employed.  Cleats 
cut  to  proper  length  are  nailed  on 
before  the  sides  of  the  forms  are 
put  in  place,  and  act  as  a  support 
for  the  joists  which  in  turn  support 
form  boards  of  the  slab,  as  shown  in 
the  accompanying  illustrations. 
Strips  may  also  be  nailed  along  the 
cleats  or  battens  to  support  the  joists. 
Cleats  are  usually  spaced  from  18" 
to  24-"  on  centers  on  beAms  and  gird- 
ers, sometimes  every  other  one  pro- 
jecting about  4"  below  bottoms  to 
nail  on  cross-piece. 

For  sides  of  beams  or  girders, 
either  1-in.  or  ll^-in.  lumber  is  suf- 
ficient; usually  a  cheap  grade  of 
wood  is  used,  such  as  sap  pine.  The 
bottoms  of  beams  and  girders  should 
be  of  2-in.  stuff,  although  iVo-in. 
stuff  is  often  used. 

REINFORCING     FORM      INTERSECTIONS 

Where  the  beam  forms  intersect 
with  the  girder  forms  or  the  beam 
and  girder  forms  with  column  forms 
Ihe  sides  of  the  forms  of  the  girders 
and  columns  are  cuf  out  as  illustrat- 
ed in  the  last  article  published  in 
Concrete-Cement  Age,  for  Apr.. 
1915,  and  this  cut-out  is  reinforced 
with  cleats  on  the  side  and  on  the 
bottom,  to  act  as  stiffeners  and  to 
support  the  beam  or  girder  form. 
When  the  floor  slabs  and  their  sup- 
porting girders  are  built  monolithic, 
a  2-in.  x  4-in.  strip  is  very  often 
nailed  along  the  outside  of  the  D^m 
forms  to  carry  the  flooring  for  the 
slabs. 
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SPLAYING    SIDES    OF    BOXES 

In  order  that  beam  and  girder 
forms  may  be  readily  removed,  the 
sides  should  be  splayed  slightly. 
Otherwise  the  concrete  is  very  likely 
to  adhere  to  the  forms  so  as  to  make 
the  task  of  removing  them  as  a  unit 
almost  an  impossibility. 

FASTENING  SIDES  OF  BOXES 

The  sides  of  the  boxes  should  pro- 
ject down  past  the  edges  of  the  bot- 
tom of  the  beam  and  girder  forms, 
and  they  should  be  held  tightly  to- 
gether by  wedges,  clamps  or  stiff 
braces  as  shown,  to  prevent  the  pres- 
sure of  the  concrete  from  springing 
them  away  from  the  bottom  boards. 
Wrought  iron  clamps  are  frequently 
used  in  place  of  extra  nailing  on  the 
l)ottom  edges  of  beam  and  girder 
forms  as  shown  in  Fig.  9. 

BRACING   SIDES   OF    BOXES 

It  is  essential  that  the  sides  of  the 
boxes,  especially  with  deep  beams 
and  girders,  be  true  and  rigid,  and 
sufficiently  braced  to  withstand  the 
lateral  pressure  of  the  concrete  and 
not  bulge  or  warp.  While  badly 
twisted  and  sagged  forms  may  not 
produce  an  unsafe  building,  yet  it  is 
usually  a  criterion  of  the  remainder 
of  the  construction  and  there  is  no 
excuse  for  such  work. 

BEVELED   STRIPS 

Diagonal,  bevel  or  triangular 
strips  should  be  tacked  along  the  cor- 
ners of  all  beam  and  girder  forms  as 
a  fillet  to  cut  off  the  corner  by  a 
plane  making  equal  angles  with  the 
adjacent  faces. 

Chamfers  should  occur  also  in  the 
ceiling  angles,  in  order  to  prevent 
spalling  off  of  the  corners  when  re- 
moving forms.  The  usual  custom  of 
using  small  crow-bars  to  force  the 
forms  off  the  concrete  is  likely  to 
break  off  corners  unless  chamfers  are 
used. 

OPENINGS    IN    GIRDER    BOXES 

Girder  boxes  should  generally  be 
])rovided  with  a  pocket  or  loose  hand- 
hole  cap  in  order  to  permit  cleaning 
out  chips,  shavings,  etc.,  after  the 
columns  are  poured.  The  remov- 
able cap  should  be  tacked  to  the 
side  of  the  box  so  that  it  will  be 
ready  to  put  back  in  place  after  the 
girder  is  cleaned  out  and  before  the 
concrete  is  poured.  It  is  the  care 
exercised  in  just  sucli  points  that  re- 
sults in  securing  work  which  is  first- 
class  in  every  respect,  for  it  must  be 
remembered  that  concrete  once  cast 
cannot  be  repaired  without  taking  out 
an  entire  member  or  section  of  a  floor, 
so  that  it  becomes  a  very  serious  mat- 
ter. Attention  to  details  will  obviate 
the  necessity  for  such  a  procedure. 


I'iGS.  1  TO  IT^FoR.MS  FOR  Reixforckd  Coxcrkte  axd  Stf.kl  Beams 

CAMBER  OF  CONCRETE  FORMS  of  thc  finished  concrctc  beam  or  gir- 

„  J     •  J       r  1      ij  u  der  equal  to  about  %"  for  every  10' 

Beam  and  girder  forms  should  be  ^  ,    ^..  r  n      u 

,.   iX  1  •„  of  span.     The  bottoms  of  the  boxes 

given   a   slight  camber   or   crown   in  "^   ^pan. 

order  to  allow  for  setting  of  the  should  taper  off  uniformly  to  each 
falsework.  This  may  be  done  by  as-  end,  and  they  should  be  rigidly  to  this 
suming  a  deflection  of  the  forms  and      line. 
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The  object  of  cambering  beam  and 
girder  forms  is  to  prevent  the  ap- 
pearance of  sag,  even  though  the  bot- 
tom may  be  perfectly  level  and  so 
held  during  the  placing  of  the  con- 
crete. There  is  generally  a  flight 
movement  in  beam  and  girder  forms 
due  to  the  adjustment  of  the  wedges 
under  the  shores  and  the  compress- 
ing of  the  lumber,  so  that  it  is  ad- 
visable to  raise  the  bottoms  of  the 
forms  slightly  higher  in  the  center 
than  at  the  ends. 

ERECTION    OF    BEAM    AND    GIRDER 
FORMS 

Care  must  be  taken  to  see  that  the 
joints  at  the  intersections  of  beam 
or  girder  boxes  with  girders  or  col- 
umns are  especially  tight,  in  order 
that  there  be  no  leakage  of  the  con- 
crete at  or  near  the  ends  of  beam  or 
girder  spans,  as  the  shearing  stress 
is  greatest  at  the  ends  of  spans. 
This  precaution  regarding  water- 
tight joints  at  intersections  as  well 
as  in  the  boxes  themselves  applies  to 
all  beam  and  girder  forms  for  wet 
concrete,  which  is  the  kind  generally 
used    for    reinforced    concrete    floor 


construction.  Otherwise  the  leakage 
of  the  liquid  mass  will  leave  the 
concrete  porous  or  honeycombed. 

Cracks  or  joints  in  beam  or  girder 
boxes  may  be  closed  by  putty  or  clay, 
plaster  of  Paris,  oakum,  cotton,  or 
strips  of  wood.  The  use  of  fire  clay 
to  close  knot-holes,  etc.,  is  also  rec- 
ommended. 

Where  steel  beams  act  as  girders 
for  the  support  of  concrete  beams, 
long  bolts  or  rods  may  be  hung  over 
the  steel  beams  and  extend  below  the 
bottom  flange  sufficiently  far  to  per- 
mit of  a  heavy  stringer  running 
parallel  to  the  steel  beams  to  be  se- 
cured thereto,  and  to  act  as  a  secon- 
dary beam  or  support  for  the  forms 
of  the  concrete  beams.  Whatever 
method  is  employed,  all  parts  should 
be  figured  strong  enough  to  carry 
loads  coming  upon  them,  the  same  as 
if  they  formed  a  permanent  con- 
struction. 

FABRICATION    OF    STEEL    FORMS 

Slab  forms  or  panels  are  usually 
put  up  in  sections  and  cleated  or  bat- 
tened together.  These  battened  form 
boards    are   often   used   in   the    con- 
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Figs.  18  to  21 — Forms  for  Reinforced  Concrete  Spaxdrel  Beams 
Fig.  22 — Diagonal  Shoring  of  Beam  Boxes 
June,  1915 


struction  of  several  floors,  the  rein- 
forced concrete  work  being  designed 
with  this  object  in  view,  that  is,  the 
panels  between  the  beams  are  made 
a  uniform  size.  They  are  generally 
made  in  units  of  two  or  four  pieces 
to  a  panel,  although  more  units  may 
be  used  where  panels  are  large 
enough  to  warrant  them.  The  units 
should  not  be  too  large  or  they  can- 
not be  readily  handled  without  tak- 
ing apart.  Several  types  of  slab 
panels  are  shown  in  Figs.  2.3,  24,  25, 
26  and  27.  These  are  self-explana- 
tory. 

Sufficient  bracing  must  be  used  to 
prevent  slab  forms  from  sagging. 
The  joints  should  not  be  spaced 
more  than  2'  apart  for  1-in.  form 
boards.  They  are  usually  supported 
on  2-iri.  X  4-in.  or  2-in.  x  6-in.  strips 
fastened  to  the  sides  of  the  beam 
forms,  or  they  may  be  independently 
supported.  A  line  or  two  of  supports 
should  be  placed  under  the  joints. 
Where  a  single  line  of  supports  is 
used,  it  should  be  placed  down  the 
center  line  of  the  panel.  Wedges  are 
usually  provided  under  the  joists 
where  they  abut  on  beam  forms,  the 
wedges  being  properly  keyed  in 
place.  No  splice  joints  should  be  al- 
lowed at  any  point. 

The  lagging  of  slabs  should  be 
ll^-in.  stuff,  but  it  can  be  as  light  as 
1-in,  if  the  boards  are  narrow,  say 
not  over  6"  wide,  and  tongued  and 
grooved  together.  Light  1-in.  stuff, 
of  soft  wood,  is  likely  to  be  pretty 
well  worn  out  before  the  top  of  an 
eight-story  or  10-story  building  is 
reached,  and  the  under  surface  of  the 
concrete  will  show  the  wear  badly. 
Lumber  planed  on  the  side  next  to 
the  concrete  permits  easier  removal 
and  should  be  used  where  possible. 
The  form  boards  for  slab  construc- 
tion are  very  often  made  of  tongue- 
and-grooved  material  of  4  ^4  or  5/4 
dressed  yellow  pine  flooring  surfaced 
on  one  side. 

Joists  may  be  of  3-in.  x  4-in.  or  2- 
in.  x  6-in.  stuff.  Sometimes  2-in.  x 
4-in.  or  2-in.  x  8-in.  stuff  is  used, 
depending  upon  the  span,  spacing 
and  weight  of  slab. 

CENTERING   FOR   HOLLOW   TILE    FLOORS 

The  construction  of  forms  for  hol- 
low-tile and  joint  floors  is  a  very 
simple  matter,  as  there  is  very  little 
boxing.  The  centering  usually  con- 
sists of  planks,  a  little  wider  than 
the  4-in.  or  5-in.  reinforced  concrete 
beams,  set  where  the  beams  are  to 
come  above.  The  edges  of  the  tiles 
rest  on  the  planks,  and  the  tiles  from 
the  sides  of  the  concrete  beam  molds, 
a  1-in.  to  3-in.  slab  being  laid  on 
top,  connecting  the  beams  laterally. 
The  floor  lagging  is  supported  by 
means  of  shores  or  props,  so  spaced 
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and  braced  as  to  give  proper  stiffness 
to  the  centering. 

CENTERING      FOR      FLOOR      SLABS      BE- 
TWEEN   STEEL    BEAMS 

The  centers  for  slabs  and  arches 
used  as  a  floor  filling  between  steel 
beams  usually  consist  of  flat  or 
curved  lagging  carried  on  straight  or 
arched  joists  suspended  from  the 
steel  beams  or  girders.  The  joiste 
and  lagging  may  be  framed  together 
into  panels  of  convenient  size  for 
carrying  and  erecting.  When  the 
floor  slab  rests  upon  the  top  flanges 
of  the  beams  the  lagging  joists  may 
rest  upon  the  bottom  flange  of  the 
beams.  A  more  comjjlex  centering  is 
required  where  the  slab  has  to  be 
Launched  around  the  I-beam.  When 
the  filling  slab  consists  of  either  a 
flat  floor  plate  or  a  floor  arch  and 
rests  upon  the  bottom  flange  of  the 


floor  below,  as  shown  in  the  accom- 
panying illustrations.  The  shores 
usually  rest  on  double  wedges  on  the 
floor  and  bear  with  their  upper  ends 
against  the  bottom  of  the  beam  and 
girder  forms;  that  is,  they  should 
bear  against  a  cap  piece  and  on  a 
sill  to  distribute  the  load. 

The  supports  of  floor  forms  should 
be  sufficiently  strong  to  carry  the 
dead  load  of  the  wet  concrete  and 
they  should  be  wedged  up  tight  at 
bottom  and  top,  but  not  so  tight  as  to 
require  hard  driving,  which  is  sure 
to  injure  the  setting  concrete  under 
them. 

While  it  is  usually  customary  to 
support  beam  and  girder  forms  by 
shores,  sometimes  to  save  material, 
and  at  the  same  time  in  order  to 
brace  the  studing,  only  two  shores 
are  used  and  the  intermediate  sup- 
ports   are    obtained    by    cutting    in 
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Figs.  23  to  27 — Various  Types  of  Slab  Forms 


beams  the  lagging  is  sometimes  hung 
from  the  bottom  flanges  by  hook- 
bolts. 

The  lagging  is  sometimes  sup- 
ported by  wire  ties  attached  to  the 
steel  beams  through  holes  punched 
in  the  top  flanges,  the  ties  passing 
around  and  supporting  the  scantling, 
which  in  turn  supports  the  lagging. 
In  order  to  avoid  possible  injury  to 
the  slab  forms,  the  holes  should  be 
bored  at  least  %"  larger  than  the 
diameter  of  the  wire  which  passes 
through  them. 

SUPPORT    OF    FLOOR    FORMS 

Beam  and  slab  forms  are  usually 
supported  at  the  ends  by  wall  and 
column  forms  and  at  intermediate 
points  by  shores  (sometimes  called 
posts,  props,  shoring,  staging,  stud- 
ding, studs,  supports,  uprights  or 
vertical    pieces)     resting    upon    the 


oblique  braces  on  each  side  of  the  up- 
right. The  vertical  piece  is  gener- 
ally made  of  about  a  4-in.  x  6-in. 
piece,  while  4-in.  x  4-in.  or  2-in.  x 
6-in.  pieces  are  used  for  the  braces, 
the  braces  being  cut  to  the  proper 
bevel  to  fit  the  under  side  of  the  bot- 
tom form  board,  and  at  the  lower 
end  to  fit  against  the  vertical.  The 
braces  are  usually  wedged  to  the  ver- 
tical against  a  cleat  or  batten  and 
nailed  in  order  to  prevent  any  possi- 
bility of  their  slipping.  This  method 
of  stud  centering  stiffens  the  story 
construction  laterally  and  prevents 
any  dangerous  vibration  or  swaying 
of  shoring  somewhat  similar  to  that 
just  described  is  shown  in  Fig.  22. 

BRACING    OF    FLOOR   FORMS 

An  adequately  stiff  or  rigid  sway- 
bracing  should  be  provided  for  the 
centering,   the   several   shores    being 


connected  by  nailing  diagonal  and 
horizontal  boards  to  the  shores,  there- 
by lining  and  bracing  them  with  a 
stable  falsework.  The  shores  should 
be  stayed  along  the  line  of  the  joist 
at  the  top  and  longitudinally  and 
transversely  about  midway  for  stories 
not  exceeding  12'  in  height.  Brac- 
ing is  frequently  done  carelessly, 
and  must  be  watched,  particularly 
in  regard  to  its  sufficiency  to  pre- 
serve accurate  alignment.  All  stud- 
ding must  be  well  cross-braced,  espe- 
cially in  the  upper  stories,  to  resist 
wind  pressure.  Little  attention  is 
usually  paid  to  the  effect  of  wind  on 
exposed  structures,  as  a  rule,  but  with 
works  carried  on  in  exposed  localities 
subjected  to  considerable  pressure,  at 
times  it  is  a  menace  that  is  well 
guarded  against  by  providing  suflS- 
cient  diagonal  bracing  between  the 
columns  and  the  shores  as  well  as  be- 
tween the  beams. 

LOCATION    AND   SPACING    OF    SHORES 

Shores  or  props  should  come  at 
mid-span,  one-third-span,  quarter- 
span,  or  at  such  frequent  intervals 
that  no  material  deflection  can  exist 
between  supports  in  the  beam  and 
girder  forms.  No  general  rule  for 
the  spacing  of  shores  is  applicable, 
except  that  enough  lumber  must  be 
used  to  hold  the  forms  rigid  and  true 
to  line  and  level.  Many  unsightly 
pieces  of  work  have  been  performed 
due  to  lack  of  ample  shores  under 
the  forms  to  hold  them  rigid  and  se- 
cure while  the  concrete  is  being 
placed.  Usually  3-in.  x  4-in.  or  4- 
in.  X  4-in.  pieces  are  set  under  cen- 
ters of  beams  and  girders  varying 
from  3'  to  5'  apart,  according  to  the 
spacing  of  the  beams  and  weight  of 
the  concrete  to  be  put  in  the  forms. 
The  maximum  spacing  of  shores  un- 
der the  floor  forms  at  centers  should 
not  as  a  rule  exceed  4'.  Too  much 
stress  cannot  be  placed  upon  the  im- 
portance of  having  an  ample  number 
of  shores  under  the  forms,  which 
should  be  regulated  by  the  judgment 
of  the  foreman  and  the  boss  carpen- 
ter. 

LENGTH   OF   FLOORS 

Shores  should  be  set  up  and  do 
their  duty  without  hard  driving,  be- 
ing cut  to  such  a  length  that  the  cap 
and  footing  pieces  can  be  placed  and 
the  double  wedges  can  be  started  and 
tightened.  If  the  shores  are  cut  too 
long,  they  have  to  be  driven  into 
place,  with  danger  to  the  form  work 
or  to  the  setting  concrete;  if  too 
short,  excessive  blocking-up  is  necesi- 
tated  and  the  support  is  liable  to  be 
unstable. 

SPLICING  OF  SHORES 

It  is  frequently  the  practice  to 
piece  out  the  studding  or  shores  by 

(Continued   on   p.   ."iOO) 
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The  New  Delaware  and  Hudson   Office  Ikiildin: 
at  Albany,   N.  Y. 


Bv  Mah(  i!s  T.  Reynolds 


The  trim  of  the  handsome  new 
building  of  the  Delaware  S,-  Hudson 
R.  R.  office  building,  at  Albavi/,  N. 
Y.,  shotvn  in  the  acco7npani/ing  illus- 
trations, is  of  concrete  stone,  while 
the  plain  wall  surfaces  are  of  seam- 
face  granite.  Marcus  T.  Reynolds, 
Albany,  is  the  architect.  The  con- 
crete stone  was  manufactured  by  the 
Emerson  4"  Norris  Co.,  Boston  and 
New  York.  The  attitude  of  the 
architect  toward  concrete  stone  is 
typical  and  excerpts  from  his  own 
letter  are  of  special  interest. 


The  size  of  the  operation  for  the 
Delaware  &  Hudson  Co.  at  Albany, 
was  such  that  it  was  necessary  to 
reduce  the  expense  of  construction 
as  far  as  possible,  and  it  was  for  this 
reason   that    I 
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looked    into    the 
question    of 
synthetic 
stone   as    a 
material  for 
this  build- 
ing. 


I  must  say  that  at  the  start  I  had 
a  very  strong  prejudice  against  the 
use  of  this  material,  but  after  visit- 
ing Xew  York,  Boston  and  Phila- 
deli)hia,  and  seeing  buildings  in 
which  the  stone  had  been  in  use  for 
many  years,  I  became  converted  and 
decided  to  adopt  it  in  the  build- 
ing in  question. 

I  found  a  very  great  differ- 
ence in  the  character  of  the 
stone  furnished  for  the 
buildings  which  I  had 
examined.  There 
seemed  to  be  about 
six  firms  engaged 
in  the  manufacture 
of  synthetic  stone, 
and  of  these  only 
three  produced 
stone  of  approx- 
imately the  same 
character ;  that  pro- 
duced by  the  others 
resembled  concrete 
rather  than  stone 
and  had  a  most  un- 
sightly appearance, 
as  the  surface  was 
discolored,  and  dis- 


figured   In-    a    large   iimnlier   of   hair- 
cracks. 

MADK    IN    SAND    MOLDS 

I     discovered     tliat    the    companies 
producing  the  better  class  of  material 
made   use  of  a   f)at- 
cnted  j)roc(-ss,  which 
covered    tlie    use    of 
sand  molds.      I  also 
learned     that    there 
was    much    higher 
skill,    both    in    mod- 
eling   and    jointing 
the  stones  exhibited 
by  these  com])anies, 
than    was    apparent 
in  the  work   of  the 
companies     furnish- 
ing stone  by  oth- 
er   processes. 
I  therefore 
determined 
:  to  narrow 
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Fig.   1 — Xew  Delaware  axd  Hudsox   Buildixg,  Albany — Concrete  Stone  Trl-m 
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Fig.  2 — Detail,  Delaware  axd  Hudsox  Building 


comiietition    to    three 
reject  all  other  bids. 

The  contract  was  finally  let  at 
approximately  $55,000  and  an  esti- 
mate in  limestone  was  taken  for  ap- 
))roximately  $75,000.  I  got  this  in 
order  to  show  the  relative  costs  of  the 
two  materials.  The  difference  in 
the  present  case  was  greater  than  in 
an  average  building,  as  the  design 
was  such  that  the  same  patterns 
would  answer  for  all  of  the  13  bays, 
of  which  the  four-story  wing  was 
composed,  and  care  had  also  been 
taken  to  permit  the  use  of  the  same 
patterns  to  a  very  great  extent  in  the 
construction  of  the  12-story  tower. 

An  estimate  also  was  received 
from  one  of  the  concerns  which  man- 
ufactured   stone    which    frankly    re- 
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sembled  concrete  r.ithcr  lli.iri  a  coun- 
terfeited stone,  showing  a  redaction 
of  $18,000. 

The  stone  as  furnished  is  of  a 
light  gray  color,  showing  a  niarhlr 
aggregate  which  gives  a  sparkle  to 
the  surface  that  makes  it  very  at- 
tractive, and  was  used  as  trim  for 
the  wall  surfaces,  which  were  of 
seam-face  granite  of  a  light  silver 
gray. 

As  the  building  was  designed  in 
the  Gothic  style,  a  comparatively 
small  proportion  of  the  seam-face 
granite  was  employed,  but  its  effec- 
tive value  was  heightened  by  the 
elaboration  of  the  detail  of  the  arti- 
ficial stone. 

Two  different  kinds  of  synthetic 
stone  were  used:  one  for  the  water- 
table  and  steps,  which  imitated  gran- 
ite, and  the  balance  of  a  lighter  color 
approximating  Indiana  limestone. 
The  specifications  covering  the  for- 
mer were  as  follows : 

The  granite  (granite-concrete)  is  to  I'e 
composed  of  hard,  white  marble,  the 
largest  piece  not  over  V2",  and  of  black 
granite,  the  largest  piece  not  over  %"; 
the  two  combined  in  proper  proportion 
to  give  the  desired  effect. 

All  exposed  surfaces  are  to  be  given 
a  bush-hammered  finish,  which  may  be 
done  mechanically  if  the  contractor  has 
the  facilities. 

The  balance  of  the  work  is  to  be  com- 
posed of  hard  white  marble,  no  piece 
larger  than  will  pass  through  a  Vs-i'i- 
ring,  and  shall  be  given  a  rubbed  sur- 
face. 

The  following  specifications  will 
apply  to  the  material  used  in  both 
of  the   synthetic   stones : 

The  aggregate,  i.  e.,  hard  white  marble, 
shall  be  mixed  with  Portland  cement. 

No  sand  is  to  be  used  and  the  aggre- 
gates are  to  be  so  proportioned  as  to  pre- 
sent the  least  amount  of  voids,  and  mixed 
not  over  5  parts  nor  less  than  3^2  parts 
by  volume,  to  1  part  of  cement.  This  is 
to  be  mixed  with  a  machine  mixer,  dry, 
and  enough  water  added  to  bring  the 
mass  to  such  a  consistency  as  will  allow 
it  to  flow  easily.  The  mixture  shall  be 
transferred  from  the  mixer  into  a  bucket 
in  which  there  is  a  continuous  machine 
agitator.  It  shall  then  be  immediately 
poured  in  a  continuous  stream  into  a  sand 
mold,  sharp  and  true  to  pattern  and  de- 
tail. After  having  been  removed  from 
the  mold  and  having  liecome  perfectly 
hard,  it  shall  be  dressed  in  the  following 
manner.  Those  specified  as  having  a 
bush-hammered  finish  shall  be  so  tinished. 
The  perpendicular  flat  surfaces  shall  be 
machine-tooled,  6  cuts  to  the  in.;  the 
molded  surfaces  shall  be  rubbed  to  reveal 
the  aggregate. 

All  arrises  are  to  be  left  true  to  line, 
and  such  portions  of  the  work,  such  as 
the  tracery  of  the  windows,  dormers  and 
balustrades,  as  demand  particular  care, 
shall  be  assembled  and  the  joints  ground 
to  insure  a  perfect  alignment. 

No  piece  shall  be  less  than  4"  in  thick- 
ness, and  all  the  work  shall  average  a 
6-in.  bed,  and  care  is  to  be  taken  that 
the  beds  of  the  joining  pieces  shall  vary, 
to  permit  of  proper  bonding.  Anchor 
holes  shall  be  provided  in  the  rear  of 
each  block  or  stone,  or  where  directed. 
At    least    1    mo.    must    elapse   between 
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Fig.  6 — Tower^  Delaware  axd  Hltjsox  Buildixg 


the  date  of  casting  and  the  date  of  erec- 
tion. 

Where  reinforcements  are  required,  as 
in  the  supports  for  the  tourelles,  they  are 
to  be  of  a  minimum  cross-section  of  (i/lO 
of  1%. 

All  ornamental  portions  shall  be  mod- 
eled in  wax  or  clay  from  the  architect's 
detail  drawings,  and  shall  be  submitted 
to  the  architect  by  photograph  or  offered 
for  his  personal  inspection.     The  model- 


ing shall  be  artistically  executed  by  a 
modeler  familiar  with  Gothic  detail,  who 
will  be  permitted  considerable  latitude 
in  order  that  tlie  owners  may  lieueflt  by 
his  skill.  All  ornament  is  to  be  undercut 
and  sharpened  by  hand. 

Actual  experience  has  shown  that 
the  artificial  stone,  which  in  the  pres- 
ent case  is  exposed  to  the  smoke  of 
the  railroads,  as  the  building  imme- 
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diatcly  adjoins  the  freiglit  yard,  has 
kept  remarkably  clear  of  discolora- 
tions.  There  are  also  none  of  the 
unsightly  stains  which  usually  make 
their  appearance  on  limestone  and 
sandstone.  The  pieces  were  not  in 
objectionable  wind,  and  the  align- 
ment throughout  was  almost  perfect. 
Where  carvings  are  called  for,  they 
are  clean,  sharp  and  fine,  and  could 
not  be  told  from  those  executed  in 
real  stone.  In  short,  I  think  that  the 
use  of  the  sj^nthetic  stone  has  given 
a  more  satisfactory  building  than 
limestone  would  have  done. 


Editorial   Discussion 
sand  molds 

The  methods  employed  by  manu- 
facturers of  sand-cast  concrete  stone 
have  special  interest  in  connection 
with  the  work  on  the  Delaware  & 
Hudson  building.  The  following 
descriptions^  of  some  of  the  more  im- 
portant features  of  this  work: 

The  use  of  sand  molds  in  making  con- 
crete casts  is  covered  by  patent.  The 
use  of  sand  in  which  are  certain  other 
definitely  named  ingredients,  having  a 
tendency,  it  is  claimed,  to  prevent  a 
rapid  absorption  of  the  excess  moisture 
of  the  concrete  mixture,  is  also  controlled 
by  patent.  *  *  *  Sand  is  used  in 
which  there  is  a  certain  percentage?  of 
loam  and  successful  work  is  being  done 
by  using  stone  dust  in  place  of  sand. 

For  ordinary  work  the  sand  is  used  in 
large  beds  throughout  the  casting  floor 
of  the  factory  and  is  packed  around 
patterns,  which  are  drawn  to  make  the 
molds. 

Balusters,  capitals  and  similar  pieces 
having  no  large  flat  surface  which  may 
be  left  upward  as  the  pattern  is  placed 
in  the  sand  and  toward  which  the  pat- 
tern can  be  drawn  are  made  by  the  flask 
method,  in  which  a  box  for  each  of  two 
or  more  portions  of  the  pattern  supports 
the  sand  for  a  section  of  tne  mold.  The 
boxes  are  assembled  to  complete  the 
mold. 

Patterns — ^When  sand  molds  are  used 
the  problem  of  the  manufacturer  is  to 
make  a  pattern  or  model  of  the  stone  to 
be  cast.  The  pattern  must  be  so  made 
a-s  to  be  withdrawn  from  the  sand  with- 
out breaking  down  the  mold.     *     *     * 

In  Fig.  7  is  a  sketch  of  the  pattern 
with  the  parts  clearly  indicated.  It  will 
be  seen  that  the  pattern  is  in  four  parts. 
The  molded  side  is  placed  downward  in 
the  sand  and  when  the  sand  has  been 
tamped  into  place  the  pattern  is  drawn 
in  the  direction  indicated  by  the  arrow. 
It  is  obvious  that  any  side  projection 
in  the  pattern  must  be  a  separate  piece 
and  separately  withdrawn.  If  drawn  all 
at  once  the  projections  would  break  the 
sand  mold.  If  there  were  but  few  such 
pieces  to  be  cast  it  would  be  more  econ- 
omical— by  saving  time  in  making  the 
pattern  and  in  making  the  sand  mold — 
to  eliminate  the  small  pattern  part  num- 
bered 4,  by  filling  in  so  that  the  pattern 
would  draw  on  that  line.  The  additional 
detail    would    then    be   cut    in    by    stone- 
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Fig.  7 

cutters.  Further  illustration  of  splitting 
patterns  is  shown  in  Fig.  8. 

It  will  be  noted  in  tiic  illustration  that 
the  parts  of  the  pattern  are  held  by  nails 
which  are  withdrawn  before  the  sand  mold 
is  complete.     *     *     * 

Wood  strips  are  frequently  used 
around  the  top  of  a  sand  mold  to  give 
firm  edges  which  are  not  disturbed  by 
workmen  when  the  surface  is  smoothed 
off  with  a  trowel  after  the  concrete  has 
been  in  place  for  a  few  minutes  in  which 
it  has  stiffened  slightly  by  loss  of  mois- 
ture in  the  sand. 

With  the  flask  method  of  molding  * 
*  *  it  is  common  practice  to  mix  the 
sand  with  plaster  because,  when  the  sec- 
tional molds  have  been  made  in  the  boxes, 
the  boxes  must  be  fitted  together  and 
stood  on  end.  The  parts  are  made  to 
fit  precisely  by  the  use  of  dowels  in  the 
sections  of  the  flask  or  the  box  or  by 
cleats  which  engage  at  the  corners.     The 


Fig.  8 

flask,  as  completed,  is  filled  through  an 
opening  in  the  top  as  made  by  a  wood 
insert. 

In  making  an  elaborate  capital  *  *  * 
it  would  be  more  economical  to  use  a 
gelatin  mold  providing  a  full-size  model 
were  available.  In  this  way  all  the  de- 
tail and  undercutting  eould  be  fully 
brought  out.  If  one  section  of  an  hex- 
agonal piece  were  available,  it  would  be 
enough  from  which  to  produce  a  sand 
mold  by  the  flask  method,  but  the  numer- 
ous sections  of  the  flask  and  the  result- 
ing joints  frequently  give  trouble.  The 
use  of  two  sections  of  the  figure  would 
be  desirable  so  that  a  mold  could  be  in 
but  three  sections.  In  this  case  much  of 
the  undercutting  would  be  filled  in  on 
the  pattern  sections  and  the  reverse  molds 
would  be  made  of  a  mixture  of  sand  and 
plaster.  The  three  sections,  each  being  a 
reverse  mold  of  two  sections,  could  be 
placed  together  to  make  the  mold.  The 
three  sections  of  mold  when  placed  to- 
gether would  be  backed  up  with  sand  to 
hold  them  securely. 

Placing  the  concrete  mixture  in  a  sand 
mold  should  be  done  with  great  care. 
The  mixture  should  be  smooth  and  this 
depends  upon  care  in  the  selection  of 
materials  and  care  in  proportioning  them 
and  it  depends  further  upon  agitating 
the  mixture  up  to  the  time  it  Is  poured. 
*  *  *  A  wetter  mixture  can  be  used 
in  sand  casting  than  in  water-tight  molds, 
l)ecause  the  excess  water  is  taken  up  by 
the  sand.  A  mixture  should  not  be  so 
wet   as   to   cause   a   rapid   separation   of 


materials.  'J'o  obviate  that  separation  in 
the  mixture,  it  is  general  practice  to  agi- 
tate the  mixture  after  it  comes  from  the 
mixer.  This  may  be  in  a  motor-driven 
agitator  carried  by  an  overhead  crane, 
from  which  the  mixture  flows  only  a  few 
feet  into  the  molds.  In  some  plants  the 
agitator  is  driven  by  a  crank  oj)enitirig 
paddles  within  a  cask  which  is  moved 
about  on  trucks  over  rails,  llie  mix- 
ture is  taken  off  in  pails  through  a  spigot 
and  poured  immediately  into  the  molds. 
'i"o  some  extent — and  more  notal)ly  in 
one  very  large  eastern  factory — there  is 
no  agitation  of  the  mixture  except  by 
puddling  with  sticks  after  the  nu'xture 
is  deposited  in  wood  molds.  The  mixed 
concrete — of  a  consistency  to  pour — is 
conveyed  in  12-qt.  pails,  four  at  a  time 
in  wheelbarrows.  When  the  mixture  is 
deposited  the  spout  or  pipe  from  which 
it  issues  should  be  held  close  to  the  mold 
(a  pipe  can  usually  be  lowered  into  the 
mold)  so  that  the  force  of  the  impact 
will  not  disturb  the  sand.  The  pipe 
should  have  a  short,  trough-like  piece  of 
sheet  metal  at  the  end  to  break  the  force 
of  the  flow.  If  the  mixture  is  not  poured 
through  a  pipe  direct  from  an  agitator, 
the  man  in  charge  of  the  casting  should 
use  a  short  board  or  piece  of  sheet  metal 
held  in  his  hand,  and  the  mixture  should 
be  poured  against  it. 


Concrete   Prevents   Vibration 
in  Cotton  Mills 

In  buildings  in  which  there  is  re- 
ciprocating machinery,  like  looms, 
all  working  together,  the  moving 
parts  of  which  have  a  uniform  speed, 
there  is  a  large  advantage  in  con- 
crete, because  the  greater  solidity 
and  rigidity  of  this  floor  over  that  of 
any  other  type  absorb  this  vibration 
in  the  same  way  that  a  heavy  foun- 
dation absorbs  that  of  a  horizontal 
reciprocating  engine.  Aside  from 
freedom  from  damage  to  the  build- 
ing by  this  vibration  are  the  stability 
and  free-running  qualities  of  the  ma- 
chines themselves.  This  adds  to 
their  life  and  reduces  the  possibility 
of  breaking  the  threads,  which  affects 
the  cost  of  operating  and  the  quality 
of  the  product.  It  has  been  found 
by  some  manufacturers  that  looms 
can  be  run  15%  faster  on  a  solid 
concrete  floor  than  on  a  wooden  floor 
subject  to  vibration.  It  has  also  been 
found  that,  due  to  the  rigidity  of  the 
floor,  there  is  a  distinct  saving  in 
power. — L.  C.  Wason. 


The  use  of  concrete  for  roofs  has 
simplified  the  waterproofing  prob- 
lem. Instead  of  using  5-ply  roofing 
paper,  3-ply  will  be  found  ample. 
The  saving  from  this  source  often 
exceeds  2  cts.  per  sq.  ft.,  or  $600  on 
a  mill  75'  x  400'.  The  two  extra 
plies  used  on  a  wood  roof  are  needed 
to  make  a  smooth  surface,  but  the 
concrete    roof   is    alread}'   smooth. 
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Fig.  1 — Through  Arch  Bridge  at  Mestre,  Italy 


Notes  on  Design  and   Construction    of   Provincial 
Highway  Bridge  at  Mestre,   Italy^ 


Bv  Albert  M.  Wolf,  C.  E. 


In  tlie  spring  of  1912  a  highway 
bridge  was  opened  at  Mestre,  Italy, 
the  next  station  to  Venice,  with  a 
main  span  constructed  as  a  two- 
ribbed  arch  with  a  suspended  floor, 
having  a  clear  span  of  132'  2%" 
and  a  total  width  of  33'  1%".  This 
structure  marks  a  great  adv'ance  in 
the  art  of  bridge  building  and  is 
worthy  of  note  on  account  of  the 
construction  methods  involved. 

The  structure  carries  the  provin- 
cial highway  from  Mestre  to  Mirano 
over  the  State  Railway  lines  of 
Mestrc-Treviso  and  Mestre-Portor- 
uaro  in  the  vicinity  of  the  main  sta- 
tion at  Mestre.  This  was  accom- 
plished mainly,  by  the  aforemen- 
tioned arch  span  with  approach  tres- 
tles at  either  end  having  a  rising 
grade  of  3%. 

The  viaduct  with  a  total  length  of 
1,640'  was  built  mainly  to  carry  the 
electric  street  railway  which  con- 
nects the  two  towns.  At  first  it  was 
planned  only  for  this  street  railway, 
but  a  very  reasonable  conclusion  was 
finally  reached,  viz.,  that  the  entire 
street  should  be  carried  by  the  bridge. 
Besides  tliis  structure,  two  other  re- 
inforced concrete  bridges  have  been 
built  in  the  vicinity  of  Mestre  wliieh 
were  also  designed  and  constructed 
by  Guiseppe  Pasquali,  engr.,  of  Mes- 
tre.    They  are  about  98i'  long,  with 
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approaches  on  4%  grades  and  serve 
only  to  carry  the  electric  street  rail- 
way tracks  over  the  railroad. 

DESCRIPTION    OF    THE    VIADUCT 

As  previously  mentioned,  the  rail- 
road tracks  are  spanned  by  an  arch 
with  a  clear  span  of  132'  2%",  at 
either  side  of  which  are  a  number 
of  three-post,  framed  trestle  bent 
spans  approaches  of  21'  4"  span. 
These  spans  which  lie  in  the  form  of 
a  circle,  have  a  beam  and  slab  deck. 
In  order  to  provide  properly  for  the 
expansion  of  this  long  bridge,  expan- 
sion joints  are  made  at  certain  places 
by  means  of  double  bents,  and  joints 
in  the  deck. 

After  this  short  description  of  the 
beam  spans,  which  structurally  do 
not  present  any  new  problems,  we 
shall  take  up  the  more  noteworthy 
middle  span.  This  span  consists  of 
two  through  arch  ribs,  31'  2"  o.  c, 
from  which  the  roadway  is  suspend- 
ed. The  arch  rib  thrust  is  taken  up 
by  tension  members  at  the  level  of 
the  floor  system,  and  since  one  fixed 
and  one  movable  bearing  are  provid- 
ed, the  piers  are  subjected  to  verti- 
cal reactions  only.  This  design  of 
supports  was  chosen  to  eliminate  the 
influence  of  expansion,  and  also  on 
account  of  the  unsatisfactory  foun- 
dation condition. 

The  clear  space  between  arch  ribs 
is  27'  10%",  of  which  about  23'  is 
taken  up  by  roadway  and  2'  .'i^/'o" 
on  each  side  by  walks.     (See  Fig.  2.) 


[SO/,] 


The  theoretical  center  to  center  span 
of  the  main  rib  is  136'  1%"  and  the 
rise  of  their  middle  line  is  24'  7^". 
Their  theoretical  rise  center  to  center 
is  31'  2". 

The  arch  ribs  of  I-section  are  5' 
10%"  deep  and  3'  3%"  wide,  with 
a  web  11^"  thick,  reinforced  at  ex- 
trados  and  intrados  with  nine  l^/g-in. 
diam.  bars  and  four  1  %6-in.  bars  at 
the  inner  sides  of  the  rib  flanges. 
The  bars  are  tied  together  at  inter- 
vals of  20-in.  x  %-in.  stirrups  as 
shown  in  Fig.  3.  The  middle  portion 
of  the  arch  rib  is  braced  against  wind 
stresses  by  transverse  struts  of  rein- 
forced concrete. 

The  intermediate  hangers  are 
spaced  8'  10^/4"  apart  and  support 
the  cross-beams,  carrying  the  floor 
slab.  The  end  hangers  are  placed 
10'  6"  from  center  line  of  abutments. 
The  stringers  between  the  floor 
beams  are  spaced  3'  111/4"  o.  c;  the 
outer  stringers  lie  in  the  vertical 
members  between  ends  of  ribs.  The 
plane  of  the  arch  ribs  and  are  com- 
bined with  the  horizontal  tension 
slab  constructed  integral  with  the 
stringers  is  5"  thick.  The  tension 
members  of  arch  ribs  are  reinforced 
with  56  I'Kg"  diam.  bars  in  six  rows, 
tied  together  with  horizontal  and  ver- 
tical stirrups.  The  ends  of  the  main 
bars  are  anchored  at  the  ends,  be- 
yond the  intersection  with  center  line 
of  arch  rib,  by  passing  them  through 
plates  and  placing  nuts  on  the  thread- 
ed ends. 

One  end  bearing  of  ribs,  as  al- 
ready mentioned,  is  fixed,  while  the 
other  is  movable.  The  fixed  end  is 
built  as  a  spring  hinge,  while  the 
movable  end  is  supported  on  a  roller 
nest  bearing  similar  to  those  hereto- 
fore used  for  steel  bridges  only.  The 
steel  rockers  are  11"  wide  and  con- 
tained between  two  cast  iron  plates 
2"    tliick.     Each    spring   hinge   con- 
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Fig.  2 — Cross-Sectiox  Through  Arch  at  Mestre,  Italy 
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Fig.  3 — Details  of  Arch  Rib,  Arch  Bridge  at  Mestre,  Italt 


sists  of  24  1  %6-in.  diam.  bars,  which 
tie  the  rib  to  the  pier.  By  lacing  in 
the  ribs  at  this  point  and  by  dimin- 
ishing the  moment  of  inertia  of  the 
hinge  cross-section  in  proportion  to 
that  of  the  arch  rib  a  yielding  of  the 
support  is  obtained  and  a  real  hinge 
action  set  up. 

CONDITIONS   OF    LOADING   USED   IN 
DESIGN 

For  the  statical  computation  of  the 
structure,  the  following  loadings 
were  prescribed  by  the  Italian  ^tate 
Ry.  Commission: 

1.  A  crowd  of  people  weighing 
335  lbs.  per  sq.  ft, 

2.  A  double  axle  wagon  with  an 
axle  load  of  8  tons  and  six  horses 
of  %  ton  each,  hitched  in  pairs.  The 
axles  spaced  9'  10"  centers,  the 
width  8'  2"  and  the  loaded  length 
52'  6". 

3.  An  electric  railway  track  with 
double  axle  cars  26'  long  with  axle 
load  of  8  tons,  axles  8'  2"  centers, 
followed  by  trailers  with  6  tons  on 
each  of  two  axles.  For  the  axle  loads 
an  impact  of  25%   was   allowed. 

4.  For  wind  stresses  the  following 
loads  were  considered:  168  lbs.  per 
sq.  ft.  for  dead  load  only  acting  and 
100  lbs.  per  sq.  ft.  for  live  load  act- 
ing. 

The  arch  ribs  were  designed  as  two 
hinged  with  tension  members,  and 
two  conditions  of  loading  were  tak- 
en into  consideration,  as  follows : 

1.  Entire  bridge  loaded  for  great- 
est thrust. 

2.  One  side  loaded  to  ascertain  the 
greatest  moments.     Temperature 
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stresses  were  not  taken  into  account 
for  the  system  of  supports  used. 

STRESSES 

The  horizontal  thrust  at  the  crown 
for  dead  load  plus  full  live  load 
amounts    to    832,000    lbs.    or    278.3 
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Fig.      4 — Details      of      Han'geh,      Arch 
Bridge  at  Mestre,  Italy 


metric  tons,  while  for  dead  load  with 
live  load  on  one  half  the  structure 
the  thrust  is  730,000  lbs.  or  331  me- 
tric tons. 

After  computing  the  arch  thrusts, 
the  pressure  lines  were  laid  out  for 
both  conditions  of  loading.  For  full 
load  the  greatest  eccentricity  was  at 
the  crown  and  amounted  to  IQl/^" 
or  26  cm.  and  the  greatest  moment, 
710,055  ft.-lbs.  or  98.4  metric  tons. 
For  one  half  of  bridge  loaded,  the 
greatest  eccentricity  occurred  at 
about  the  quarter  point  and  amount- 
ed to  1334"  or  0.351  m.  horizontally 
and  14%"  or  0.375  m.  vertically 
while  the  moment  was  894,785  ft.- 
lbs.  or  124  meter-tons. 

Summing  up  we  have  the  follow- 
ing: 

(a)  At  the  crown 

Moments  of  Inertia:  =  0.567  m.* 

Distance  to  extreme  fibre:  2' 
111/2"  or  0.90  m. 

Eforizontal  Thrust:  832,000  lbs.  or 
378.3  metric  tons 

Bending  Moment:  710,055  ft.-lbs. 
or  98.4  meter-tons 

The  cross-sectional  area  of  the 
concrete  at  the  crown  of  the  arch  rib 
amounts  to  11.84  sq.  ft.  (1.10  m.), 
while  the  area  of  steel  is  equivalent 
to  2.47  sq.  ft.  (0.23  m.)  concrete. 
The  stress  at  the  compression  side 
of  the  arch  rib  at  the  crown  is  626 
lbs.  per  sq.  in.  (44.0  kg.  per  sq.  cm.) 
and  at  the  tension  side  182  lbs.  per 
sq.  in.  (12.8  kg.  per  sq.  cm.)  com- 
pression ;  the  stresses  at  the  crown 
are    therefore    entirely    compressive. 

(b)  At  the  quarter  points: 
Moment  of  Inertia:  z=  0.567  m.* 
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Distance  to  extreme  fibre:  2'  Hl/o" 
or  0.90  m. 

Horizontal  Thrust:  798,800  lbs. 
or  354  metric  tons 

Bending  Moment:  894,785  ft.-lbs. 
or  124  meter-tons 

Equivalent  Cross-sectional  Area  of 
Rib:  14.31  sq.  ft.  or  1.33  m.' 

The  stress  at  the  compression  side 
of  the  arch  ribs  at  the  quarter  point 
is  654  lbs.  per  sq.  in.  (46.3  kg.  per 
sq.  cm.),  and  on  the  tension  side  99 
lbs.  per  sq.  in.  (6.9  kg.  sq.  cm.)  com- 
pression. The  stresses  throughout 
the  arch  ribs  are  therefore  com2:)res- 
sive.  The  greatest  tensile  stress  in 
the  tension  members  is  13,700  lbs. 
per  sq.  in.   {^QS  kg.  per  sq.  cm.) 

CONSTRUCTION     AND     LOAD     TESTS 

For  the  concrete  mixtures  used, 
350  kg.  to  600  kg.  (770  lbs.  to  1,320 
lbs.)  of  Portland  cement  were  re- 
quired for  one  cu.  m.  of  gravel 
(35.3  sq.  ft.)  in  order  to  obtain  the 
desired  density.  For  the  bridge  seats 
of  both  ribs  6OO  kg.  (1,320  lbs.)  of 
Portland  cement  were  used  for  one 
cu.  m.  {35.S  cu.  ft.)  of  fine  aggre- 
gate and  500  kg.  (1,100  lbs.)  of  ce- 
ment to  one  cu.  m.  (35.3  cu.  ft.)  of 
aggregate  for  the  arch  ribs. 

While  concreting  it  was  necessary 
to  provide  a  clear  opening  49'  wide 
under  the  bridge  in  accordance  with 
the  requirement  of  the  Italian  State 
Ry.  Commission.  For  this  purpose, 
eight  trusses  of  American  pine  were 
placed  over  the  future  roadway  and 
the  forms  hung  from  these  by  means 
of  hangers.  These  trusses  were  9' 
10"  high.  With  the  aid  of  wedges 
placed  at  different  points  on  the 
trusses,  the  elevation  of  the  forms 
was  easily  regulated. 

The  approaches  were  begun  July 
1,  1911,  and  the  main  arch  in  Oct. 
All  concrete  work  for  the  structure 
was  completed  Dec.  31,  I9II.  The 
loading  tests  were  made  in  Mar., 
1912,  about  60  das.  after  the  com- 
pletion of  the  concrete  work.  For 
the  test  load  for  quiescent  load  680 
kg.  m.'  or  139  lbs.  sq.  ft.  of  bridge 
floor  of  sand  and  gravel  was  used. 
The  results  were  a  total  deflection  of 
7.3  mm.  or  %2"  for  the  north  rib  and 
6.6  mm.  or  l%4".  After  this  test 
no  cracks  or  other  dangerous  deform- 
ations were  disco%'ered. 


It  is  often  necessary  to  divert  tem- 
porarily small  streams  of  water, 
particularly  in  bridge  and  culvert 
work.  H.  S.  McKee,  Erie,  Pa., 
writes  that  strips  of  canvas  tacked 
to  rough  supports  so  as  to  make  a 
V-shaped  trough  are  ideal  for  this 
purpose,  as  they  are  inexpensive, 
compact,  flexible  and  quickly  placed. 
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Permeability  Tests  on  Gravel 
Concrete 

A  partial  report  on  tests  to  deter- 
mine the  permeability  of  concrete  to 
water,  now  being  conducted  at  the 
Univ.  of  Wis.,  was  read  by  ]\Iorton 
O.  Withey,  assistant  professor  of  me- 
chanics, before  the  West.  Soc.  of 
Engrs.  at  the  Sept.,  1914,  meeting. 

These  experiments  were  started  in 
the  spring  of  I912  at  the  suggestion 
of  the  Inspection  Bureau  of  the  Uni- 
versal Portland  Cement  Co.  The  par- 
ticulars in  the  method  of  conducting 
the  tests  which  make  them  somewhat 
unique  are  the  use  of  machine-mixed 
concrete,  the  employment  of  large 
specimens  having  a  prescribed  vol- 
ume of  concrete  subjected  to  water 
pressure,  and  the  measurement  of  the 
water  entering  the  specimens  during 
a  large  number  of  hours.  The  pro- 
posed program  of  experiments  in- 
cludes tests  with  difl^erent  brands  of 
cement  on  broken  stone  and  sand, 
broken  stone  and  screenings  and  gra- 
vel and  sand  aggregates.  Only  the 
tests  on  the  latter  combination  with 
one  brand  of  cement  are  herein  con- 
sidered, although  work  is  now  being 
done  on  mixes  containing  sand  and 
broken  stone.  The  reported  tests  in- 
clude the  effect  on  permeability  of 
the  following  variables :  age,  tliick- 
ness  and  consistency  of  concrete; 
time  of  mixing;  graduation  of  the  ag- 
gregate; wet  and  dry  sand;  fineness 
of  cement;  and  curing  conditions. 

The  materials  used  for  making  test 
pieces  were  Universal  Portland  ce- 
ment, sand  of  104.5  lbs.  to  112.2  lbs. 
weight  per  cu.  ft.  with  0.19%  to 
0.29%  absorption  and  gravel  of 
109.3  lbs.  and  107.3  lbs.  per  cu.  ft. 
and  0.63%  and  1.40%  absorption  re- 
spectively. Of  the  test  pieces  88 
were  proportioned,  by  volume, 
1:11/2:3  and  67  were  1:2:4;  98  were 
of  1  :9  mixtures  proportioned  by 
weight. 

CONCLUSIONS 

From  these  tests  the  following  con- 
clusions are  drawn: 

1.  None  of  the  concretes  tested 
was  absolutely  watertight  if  we  con- 
sider flow  into  the  specimen  as  proof 
of  permeability,  but  the  majority  of 
the  mixes  were  so  impervious  that  no 
visible  evidence  of  flow  appeared. 
For  most  purposes  such  mixes  can  be 
considered   watertight. 

2.  The  visibility  of  dampness  on 
the  bottom  of  the  specimens  increased 
with  the  humidity  of  the  air  and  the 
non-homogeneity  of  the  concrete. 
The  minimum  rate  of  flow  for  which 
leakage  was  indicated  was  0.00011 
gal.  per  sq.  ft.  per  hr. 

3.  In  tests  of  nearly  all  of  the 
properly  made  mixes  of  1  :7  propor- 


tions, or  richer,  the  rate  of  flow  for 
a  50-hr.  period  M'as  less  than  0.0001 
gal.  per  sq.  ft.  per  hr.  under  a  pres- 
sure of  40  lbs.  per  sq.  in. 

4.  Through  increasing  the  fineness 
of  the  cement  a  reduction  in  the  rate 
of  flow  and  a  considerable  increase 
in  the  strength  of  a  1 :9  mix  were  se- 
cured. 

5.  By  grading  the  sand  and 
gravel  in  accordance  with  Fuller's 
curve^  it  was  possible  to  obtain  prac- 
tically watertight  concretes  of  1 :9 
proportions  under  pressures  of  less 
than  40  lbs.  per  sq.  in.  To  secure 
such  results,  however,  requires  great 
care  and  careful  supervision  in  mix- 
ing, in  determining  the  proper  con- 
sistency, in  placing  and  in  curing  the 
concrete. 

6.  In  the  proportioning  of  such 
material  as  these,  volumetric  analy- 
sis, coupled  with  a  determination  of 
the  density  and  air  voids,  yields  very 
valuable  information  concerning  the 
best  proportions  of  sand  and  gravel 
for  a  given  proportion  of  cement.  If 
proportions  must  be  selected  arbi- 
trarily a  1:114:3  mix,  by  volume,  is 
very  impervious.  It  should  be  re- 
membered, however,  that  the  volume 
changes  in  rich  mixtures  due  to  al- 
ternate wetting  and  drying  are  much 
greater  than  for  lean  mixtures.  Con- 
sequently due  attention  must  be  given 
to  the  provision  of  expansion  joints 
and  reinforcement  in  structures  made 
of  them. 

7.  The  use  of  the  proper  amount 
of  water  necessary  to  produce  a  med- 
ium or  mushy  consistency  is  one  of 
the  most  important  conditions  in  se- 
curing impervious  concrete,  especially 
when  lean  mixtures  are  used.  Dry 
mixtures  cannot  be  sufficiently  com- 
pacted in  the  molds  and  are  more 
difficult  to  cure  properly  than  the 
mushy  mixtures.  Although  the  use 
of  a  wet  consistency  does  not  mate- 
rially affect  the  imperviousness  of 
very  rich  mixes,  such,  as  l:llA:3,  it 
greatly  increases  the  flow  through  a 
lean  mix. 

8.  For  lean  mixes  made  from 
damp  sand  it  seems  advisable  to  mix 
longer  than  is  now  common  practice. 
These  tests  would  indicate  that  for  .1 
mixer  running  at  30  r.  p.  m.,  a  per- 
iod of  ll/>  min.  to  2  min.  is  required 
to  secure  thorough  mixing  of  a  1  :9 
concrete.  For  a  rich  l:ll/{>:3  mix  a 
1-min.  period  ap))ears  to  be  sufficient. 
The  method  of  mixing  in  which  Ava- 
tcr  is  first  admitted  to  the  mixer  is 
to  be  condemned.  A  preliminary 
period  of  dry  mixing  lasting  from  I6 
sec.  to  30  sec.  .seems  desirable. 

9.  In  the  manufacture  of  imper- 
vious concrete  no  stage  or  process  is 


'Chap.    XI,    Taylor    and    Tfiompson's    "Con- 
crete,  Plain   and   Reinforced" 
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of  more  importance  than  curing.  Tlie 
results  of  these  tests  clearly  d<'mon- 
strate  that  premature  drying  destroys 
the  imperviousness  of  1 :9  mixes,  ser- 
iously impairs  that  of  the  1 :2:4  mixes 
and  somewhat  diminishes  that  of  the 
1:11/^:3  mixes.  For  thin  sections, 
not  over  6"  or  8"  thick,  the  curing 
conditions  should  be  such  that  a  lean 
concrete  will  be  kept  damp  for  a 
period  of  1  mo.  and  a  rich  concrete 
for  at  least  2  wks.  Even  after  1  mo. 
of  proper  curing,  complete  desicca- 
tion of  a  lean  mix  composed  of  these 
materials  produces  an  increase  in 
permeability,  but  the  effect  on  a  rich 
mix  is  not  marked. 

10.  In  these  tests  tlie  impervious- 
ness of  the  concrete  increased  rapidly 
with  the  age  of  the  specimens  for  the 
first  month;  thereafter  the  change 
was  not  marked. 

11.  From  the  tests  thiis  far  made 
it  seems  probable  that  the  permeabil- 
ity of  lean  concrete  in  a  direction 
normal  to  the  pouring  is  greater  than 
in  the  direction  of  pouring. 


Sack  Sense 

A  sack  that  carries  its  contents 
from  the  mills  of  the  manufacturer 
to  the  ultimate  purchaser,  that  is 
properly  untied,  that  is  kept  clean 
and  dry,  that  is  not  used  as  a  cov- 
ering for  concrete  nor  as  a  tool-chest, 
nor  as  a  knee,  foot  or  back  protec- 
tor, nor  as  a  hod-pad,  nor  as  a  shoe 
cleaner  and  that,  having  thus  once 
served  its  legitimate  purpose,  finds 
its  way  back  to  the  mills  of  the 
manufacturer  within  a  reasonable 
length  of  time — such  a  sack  is  again 
available  for  use  and  is  worth  the 
sum  of  10  cts. 

A  sack  that,  upon  its  arrival  at  the 
job  is  opened  with  a  shovel,  that  is 
used  to  plug  holes  in  the  water  bar- 
rel, that  is  used  as  a  sun-shade  for 
concrete  in  summer  and  as  an  over- 
coat in  winter,  that  likewise  serves  as 
a  workman's  apron  or  tool  recep- 
tacle, and  that  is  commissioned  for 
other  miscellaneous  purposes  just 
because  it  is  handy,  that  becomes 
dirty,  wet  and  even  torn  in  places — 
the  value  of  such  a  sack  has  reached 
the  zero  mark  and,  consequently,  the 
needless  labor  of  collecting,  sorting, 
counting,  bundling  and  tying  sacks 
so  improperly  used  should  be  avoid- 
ed and  the  freight  on  their  return 
saved  by  the  man  who  purchased 
and  used  the  cement. — Dealers'  Rec- 
ord. 

Tools,  pails,  etc.,  that  have  become 
thickly  coated  with  concrete  can  be 
cleaned  by  heating.  A  gasoline 
torch  will  aid  in  removing  concrete 
from  mixer  and  other  large  equip- 
ment. 
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Control    of    Ucinroi-ccd    Cf)M- 

crete  Construction 

By  W.  K.  Hatt' 

A  number  of  casualties  have  at- 
tended construction  in  concrete.  A 
sudden  collapse  of  a  portion  of  a  re- 
infoi-ced  concrete  building  in  a  large 
city,  attended  with  loss  of  life  of 
workmen,  generates  in  the  public 
mind  a  fear  of  concrete  construction ; 
and  a  prospective  builder  is  likely  to 
resort  to  a  less  permanent  and  less 
fitting  style  of  building  because  of 
the  uncertainty.  He  knows  that  a 
concrete  building  is  serviceable  and 
permanent  after  the  cement  has  set, 
but  he  fears  the  risk  arising  during 
construction. 

Structural  engineers,  on  the  other 
hand,  know  that  the  percentage  of 
failures  is  small,  and  the  accidents 
to  be  avoidable. 

Dangerous  conditions  in  reinforced 
concrete  construction  arise  from  (1) 
inadequate  designs  ;  (2)  defective  ma- 
terials, and  (3)  unfavorable  weather 
conditions  and  lack  of  care  under 
those  conditions. 

All  of  these  elements  may  be,  and 
are,  controlled  in  the  larger  cities  by 
building  codes  and  active  inspection. 
For  instance,  in  the  city  of  Chicago, 
which  has  an  unusually  efficient  and 
watchful  building  department,  there 
have  been  no  serious  failures  of  rein- 
forced concrete  buildings  under  con- 
struction. In  this  city  designs  are 
checked  over  very  carefully  to  see 
that  they  conform  with  the  conser- 
vative practice  established  by  the 
building  code  of  that  city. 

It  is  in  the  smaller  cities,  that  are 
not  large  enough  to  demand  perma- 
nent buildings,  but  without  building 
codes,  that  the  most  dangerous  condi- 
tions obtain. 

The  building  codes  are  thought  to 
be  too  conservative  by  some  design- 
ing engineers  of  companies  interest- 
ed in  the  sale  of  materials.  For  in- 
stance, while  these  codes  generally 
permit  16,000  lbs.  stress  per  sq.  in. 
upon  ordinary  reinforcing  steel,  some 
designers  will  increase  this  to  20,000 
lbs.  where  the  code  does  not  prevent, 
and  under  circumstances  where  the 
sale  of  the  material  depends  upon  a 
low  total  price. 

Many  buildings  have  been  erected 
under  designs  that  are  not  conserva- 
tive and  yet  have  given  good  service. 
Their  construction  has  been  under 
favorable  conditions  with  reference 
to  cement,  sand,  weather  conditions, 
and  skill  of- workmen;  and  the  lack 
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of  factor  of  safety  in  design  has 
been  counter-balanced  by  the  in- 
creased factor  of  safety  in  materials. 

Codes,  however,  must  recognize 
average  conditions.  The  architect  or 
structural  engineer  or  commercial 
firm  supplying  material,  who  ha.s 
drawn  upon  the  factor  of  safety  in 
design,  and  then  has  met  unexpected 
conditions  in  the  materials,  weather 
conditions,  etc.,  and  has  a  failure  on 
his  hands,  is  certainly'  in  a  weak  posi- 
tion. 

The  larger  number  of  failures  of 
concrete  buildings  occur  during  the 
late  fall  when  the  low  temperature 
and  wet  weather  prevent  the  cement 
from  hardening  properly.  At  this 
time,  too,  the  owner  is  anxious  to  get 
into  the  building.  Every  one  is  in 
haste;  forms  are  struck  before  the 
concrete  is  hard  enough  to  support 
the  floors  above;  the  roof,  which  is 
often  the  weakest  part  of  the  design, 
is  being  covered  with  cinders,  into 
which  the  rain  seeps.  Instead  of 
weighing  45  lbs.  per  cu.  ft.,  the 
weight  of  these  cinders  mav  run  up 
to  100  lbs.  per  cu.  ft.  Then,  too,  the 
plumber  may  seriously  overload  a 
portion  of  the  floor  with  piles  of 
pipes,  may  even  remove  a  form  sup- 
port. Under  these  conditions  it  is  no 
wonder  that  failures  occur.  In  the 
presence  of  these  unfortunate  fail- 
ures a  designer  who  has  furnished  a 
conservative  design  is  in  a  strong 
position. 

The  writer  has  investigated  and 
made  reports  upon  several  failures 
in  which  it  has  been  necessary  to  cri- 
ticise the  design.  In  some  of  these 
eases  the  architect  has  originally 
made  a  conservative  design  with  suffi- 
cient materials  and  proper  connec- 
tions. The  sales  engineer  of  a  com- 
pany supplying  steel  has  afterward 
prevailed  upon  the  architect  and 
owner  to  allow  a  substitute  design. 
The  latter  is  shaved  down  to  the  low- 
est limit,  involving  high  stress  in 
steel,  short  laps  for  bond,  and  defec- 
tive continuity.  While  the  substitute 
design  will  save  in  the  cost  of  steel, 
the  per  cent  saved  on  the  cost  of  the 
entire  building  is  usually  small  and 
will  not  justify  the  risk  of  the  entire 
structure. 

While  recognizing  the  fact  that 
methods  of  construction  and  dimen- 
sions of  structures  proceed  partly 
upon  experience  and  the  desire  for 
economy,  the  writer  urges  that,  in  the 
case  of  reinforced  concrete,  designs 
should  follow  bilding  codes  and  the 
report  of  the  conservative  practice  as 
fixed  by  the  Joint  Committee  on  Con- 
crete and  Reinforced  Concrete  which 
has  recently  been  adopted  by  the  A. 
S.  C.  E.  and  the  Am.  Soc.  for  Test. 
Mat. 
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The  standard  designs  of  some  of 
the  constructing  companies  are  also 
reliable  and  conservative.  A  special 
mention  might  be  given  to  the  Kahn 
standards  of  the  Trussed  Concrete 
Steel  Co.,  Detroit,  and  those  of  the 
Corrugated  Bar  Co.,  Buffalo,  for  the 
dimensions  of  beams  and  girders  of 
ordinary  floors  and  roofs. 

The  codes,  however,  are  naturally 
behind  hand  in  respect  to  the  newer 
forms  of  construction,  such  as  the  so- 
called  "flat  slab"  design. 

In  construction  with  new  materials 
the  tendency  is  to  follow  forms  that 
have  been  developed  for  old  mate- 
rials. Thus  the  first  reinforced  con- 
crete buildings  used  the  old  wooden 
construction  of  girders,  floor  beams, 
and  slabs  between  the  latter. 

In  anotlier  line  the  first  railway 
coaches  were  patterned  after  stage 
coaches. 

Reinforced  concrete,  however,  is 
continuous,  like  the  old  construc- 
tions. 

The  flat  slab  designs  omit  girders, 
and  floor  beams.  There  is  a  continu- 
ous slab  over  the  entire  floor,  and  it 
rests  upon  and  is  monolithic  with  the 
expanded  heads  of  the  columns. 

The  steel  is  disposed  in  either  a 
four-way  system  or  a  two-way  sys- 
tem. 

These  constructions  are  usually  pa- 
tented. Advantages  are  (1)  the  bet- 
ter lighting  of  the  room,  (2)  the  in- 
creased head  room,  (3)  decreased 
story  height,  (4)  more  simple  instal- 
lation of  sprinkling  systems,  (5) 
simpler  form  work,  and  (6)  a  con- 
struction more  in  keeping  with  the 
material. 

The  construction  is  generally  con- 
sidered more  suitable  for  loads  up  to 
500  lbs.,  and  columns  spacing  up  to 
24'  than  for  larger  loads  and  wider 
spacing.  When  the  panel  becomes 
rectangular  instead  of  square,  the 
long  side  should  not  exceed  the  short 
side  more  than  ^  part. 

The  depth  of  slab  should  be  at 
least  y^Q  the  span  between  column 
centers. 

The  design  of  the  expanded  head 
of  the  column  needs  attention.  It 
should  be  stiff. 

The  steel  is  in  the  bottom  of  the 
slab  at  the  center  of  the  panel,  and 
passes  up  to  the  top  of  the  slab  near 
the  quarter  point  of  the  span. 

The  steel  that  passes  from  one 
panel  to  another  should  lap  well  over 
into  the  next  span  at  least  60  diam. 
beyond  the  edge  of  the  column  cap. 
And  where  both  bars  are  counted 
upon  as  reinforcing  over  the  column, 
they  should  keep  well  up  in  the  top 
of  the  slab  over  the  column,  and  run 
60  diam.  beyond  the  quarter  point  of 
the  span. 
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The  amount  of  steel  should  be 
about  the  same  in  the  various  patent- 
ed arrangements  for  given  loads  and 
spans. 

Over  the  column  head,  the  amount 
of  steel  should  be  sufficient  to  resist 
an  external  bending  moment  eual  to 
3^5  W/L  (for  interior  square  panel)  ; 
where  W:^  total  load,  live  and  dead, 
on  panel;  L=  span  center  to  center 
of  column  along  direct  line. 


Concrete  Bridge  Floors^ 

In  the  Cleveland  work,  it  was  re- 
quired that  the  railroad  bridge  floors 
be  relatively  noiseless  and  water- 
proof. In  former  years  every  effort 
lias  been  put  forth  to  build  shallow 
floors  so  as  to  minimize  the  change 
of  grade.  Such  floors  have  always 
permitted  the  muddy  water  to  seep 
through  upon  people  passing  below 
and  have  operated  as  drums  in  accen- 
tuating every  sound  from  the  passing 
trains.  To  overcome  these  defects 
the  floors  were  made  of  I-beams  and 
concrete  slabs  upon  which  tracks 
were  laid  and  ballasted  as  upon  the 
ground.  Such  a  design  requires  a 
greater  depth  of  floor,  which  means 
a  greater  change  of  grade,  and  more 
steel  to  carry  the  added  weight  of 
concrete.  The  bridge  is  therefore 
more  expensive ;  but  in  cities  where 
the  noise  is  troublesome,  the  ballasted 
floor  is  a  great  improvement.  Trains 
passing  over  such  floors  are  noticed 
but  little  more  than  when  passing 
over  solid  ground. 

A  concrete  floor  slab  can  also  be 
made  reasonably  watertight.  The 
writer's  first  experience  with  concrete 
was  on  the  Missouri  in  1887-88. 
Later  it  was  used  a  little  on  the  New 
York  state  canals,  and  still  later  in 
bridge  construction  on  the  Nickel 
Plate.  During  this  period  many  ex- 
periments had  been  made  and  papers 
written  in  which  it  was  sought  to  de- 
monstrate that  concrete  can  be  made 
practically  impervious  to  water  and 
also  that  it  cannot.  Much  concrete 
had  been  built  that  was  very  porous 
and  there  sprung  up  numerous  busi- 
ness enterprises  for  the  manufacture 
and  sale  of  waterproofing  material. 
Both  observation  and  experience  in- 
dicated that  watertightness  could  be 
secured  by  either  concrete  alone  or  in 
combination  with  waterproofing.  The 
requisite  seemed  to  be  that  the  mate- 
rial and  workmanship  should  be  the 
very  best.  If  poor  waterproofing 
were  placed  over  poor  concrete,  the 
structure  would  leak.    If  the  concrete 
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were  good,  it  would  hold  water» 
either  with  or  without  the  waterproof- 
ing. 

Especial  efforts  were  made  to 
avoid  the  entrance  of  water  between 
the  steel  and  concrete  and  at  points 
of  contraflexure  and  wliere  cracks 
might  develop  from  temperature 
changes.  Bevel  flashings  of  steel 
were  riveted  to  the  girder  webs  and 
malleable  cast  flashings  were  fitted 
around  the  stiffeners  to  cover  and 
seal  the  edge  of  the  concrete.  This 
design  was  very  successful.  At 
points  of  contraflexure  over  curb 
supports  and  at  Cedar  Ave.  over  the 
center  columns,  it  was  realized  that 
cracks  would  develop  and  an  attempt 
was  made  to  forestall  their  appear- 
ance by  the  construction  of  joints. 
The  joints  were  carefully  provided 
with  gutters  and  drainage  pipes,  and 
it  was  hoped  that  no  trouble  would 
be  had  with  the  water.  The  cracks 
were  successfully  forestalled,  but 
the  drainage  was  unsuccessful.  The 
channels  soon  became  clogged  with 
cinders  and  the  details  of  the  steel 
work  in  the  gross-girders  did  not 
leave  room  for  a  sufficient  body  of 
concrete,  and  in  some  instances  the 
concrete  proved  imperfect.  So,  while 
the  slabs  proved  generally  tight, 
there  has  been  some  leakage  at  the 
points  of  contraflexure. 

Much  reliance  had  been  placed  on 
the  use  of  direct  labor  and  carefully 
selected  foreman,  but  there  came  a 
great  rush  of  work  at  a  critical  time 
and  the  floors  suffered.  In  East 
Cleveland  at  a  later  date,  it  became 
necessary  to  build  waterproof  joints 
at  the  hinges  of  the  arch  bridges. 

The  concrete  in  the  floor  slabs  cost 
about  $12  per  cu.  yd.  in  place. 

Now  that  the  bridges  are  com- 
pleted and  have  been  two  or  more 
winters  in  service,  the  conclusions 
are  as  follows: 

1.  Concrete  can  be  made  water- 
tight, under  low  heads,  for  all  practi- 
cal purposes. 

2.  The  mixing,  placing  and  in- 
gredients of  concrete  are  subject  to 
such  a  great  number  and  variety  of 
defects  that  only  the  keenest  atten- 
tion will  secure  an  impervious  struc- 
ture. 

3.  Contraflexure  temperature 
changes  and  settlements  will  produce 
cracks. 

4.  It  is  best  to  forestall  cracks 
with  predetermined  joints. 

5.  Joints  may  be  sealed  against 
water  if  well  designed. 

On  the  underside  of  the  bridge 
floors  the  concrete  is  protected  from 
locomotive  blasts  by  cast-iron  plates, 
1/2"  tliick  and  36"  wide.  They  weigh 
71  lbs.  per  lin.  ft.,  and  cost  $5.23  per 
ft.  in  place. 
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The  Construction  of  the  Sooke  Gravity  Flow 
Line  at  Victoria,  B.  C. 


Fig.  1 — Arrangement  of  Yard  for  Handling  Concrete  Pipes  Used  in  the  Sooke 
Lake  Water  Supply,  Victoria,  B.  C. 


The  gravity  flow  line  conduit 
shown  in  Figs.  1  to  1 ,  inclusive,  and 
described  in  the  following  article  is 
now  under  construction  for  the  Sooke 
Lake  water  supply  at  Victoria,  B.  C, 
to  carry  18,000,000  Imperial  gals, 
per  24  hrs. 

The  work  consists  of  the  installa- 
tion of  27  mi.  of  42-in.  reinforced 
concrete  conduit,  of  which  26  mi.  is 
gravity  flow  line  conduit  laid  on  a 
grade  of  1'  per  1,000'.  The  remain- 
ing mile  consists  of  six  inverted  si- 
phons, varying  in  head  from  40'  to 
100'.  As  will  be  noted  from  the  il- 
lustrations, this  pipe  is  laid  for  the 
greater  part  of  its  length,  upon  a 
bench,  and  without  backfill. 

DESIGN    OF    PIPES 

The  conduit  was  manufactured  in 
sections  at  a  central  plant  located  17 
mi.  from  the  upper  end  of  the  line. 
Each  section  is  4'  in  length.  The 
gravity  flow  line  sections  are  3"  in 
thickness  of  1 :2:4  concrete,  and  rein- 
forced with  one  layer  of  No.  6  wire 
mesh.^  The  sections  of  siphon  pipe 
are  41/2"  thick  of  1  •.iy2'-'^V2  concrete 
and  reinforced  with  square  twisted 
bars.  These  siphon  pipe  were  made 
of  five  different  types  to  withstand 
heads  varying  by  20',  and  were  rein- 
forced as  follows : 

20'  and  Less %-in.  bars  ZVz"  o.c. 

From  20'  to     40' %-in.  bars  ZVz"  o.c. 

From  40'  to     60' %-in.  bars  4%"  o.c. 

From  60'  to     80' y2-in.  bars  31/2"  o.c. 

From  80'  to  100' %-\n.  bars  4"      o.c. 

The  joints  were  of  the  "Lock 
Joint"  type,  made  under  the  Meri- 
wether svstem.^ 


^Am.   Steel  &  Wire  Co.,  Chicago 
2Lock  Joint  Pipe  Co.,  N.  Y.  C. 
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M.'iiNUFACTURE   OF   PIPE 

The  pipe  were  manufactured  in 
three  different  yards,  each  having  its 
own  mixing  plant.  The  yards  were 
so  arranged  that  the  pipe  was  cast  in 
rows  of  four,  as  shown  in  Fig.  1.  As 
soon  as  a  row  was  cast  it  was  covered 
with  canvas  and  steam  at  a  tempera- 
ture of  about  127°  F.  was  turned 
into  the  molds  containing  the  pipe. 
The  application  of  this  steam  lasted 
for  a  period  approximating  6  hrs. 
At  the  end  of  this  period  the  forms 
were  removed  from  the  pipe.  On  the 
following  day  the  pipe  was  removed 
from  the  base  upon  which  it  was 
cast,  turned  upon  its  side  and  rolled 
into  the  yard. 

After  a  period  of  about  3  wks., 
during  which  time  the  pipe  was  con- 
stantly sprinkled,  it  was  loaded  upon 
cars  and  delivered  to  its  final  loca- 
tion on  the  grade.     This  was  accom- 


plislifd  by  means  of  a  21-in.  nariow- 
gauge  construction  railroad.  The 
pipe  was  delivered  in  trains  of  12 
cars  each,  each  carrying  two  sections 
of  pipe.  Upon  arrival  at  its  destina- 
tion each  pipe  was  removed  from  the 
cars,  inspected  and  laid.  Inasmuch 
as  the  construction  railroad  was  built 
upon  the  same  center  line  as  the  pipe 
line,  it  was  necessary  to  remove  the 
rails  as  fast  as  the  pipe  was  unload- 
ed. 

COXSTRUCTIONT    DET.MLS 

In  order  to  provide  for  drainage 
under  the  pipe  line,  the  conduit  was 
laid  upon  3"  of  crushed  rock  and  this 
was  carried  up  to  the  quarter-point 
on  each  side  of  the  pipe.  This  pipe 
was  brought  to  accurate  grade  by  the 
use  of  a  level  rod  on  each  section. 
After  the  sections  were  in  place  they 
were  grouted  together  with  1 :2  grout. 

Inasmuch  as  this  line  was  not  de- 
signed to  withstand  any  head,  the 
valves  regulating  the  flow  of  water 
through  the  line  are  installed  at  the 
intake  at  Sooke  Lake  (see  Fig.  2). 

One  thousand  feet  below  the  intake 
is  a  spillway  so  constructed  that  wa- 
ter will  be  wasted  should  the  head 
rise  more  than  3"  above  the  flow  line. 
At  each  2,000-ft.  interval,  and  at 
each  end  of  all  inverted  siphons, 
there  is  constructed  a  ventilator  2'  in 
diam.  which  rises  24"  above  the  flow 
line,  and  is  covered  with  a  metal 
screen,  as  shown  in  Fig.  3.  These 
are  both  for  the  purpose  of  furnish- 
ing access  to  the  interior  of  the  pipe 
line  and  to  allow  for  an  overflow 
should  an  obstruction  cause  an  in- 
crease of  head  at  any  point.  A  6-in. 
blow-off  valve  is  installed  at  the  bot- 
toms of  all  siphons.  These  siphons 
also  have  copper  expansion  joints  in- 
stalled at  points  at  which  there  is  a 
change  in  the  direction  of  the  line. 
At  the  drainage  crossings,  the  pipe  is 


Figs.  2  and  3 — Intake  and  Stand-Pipe,  Sooke  Lake  Water  Supply 
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CONCRETE-CEMENT  AGE 


Fig.  4 — Pipe  Laid  ox  Trestle  on'  7o-Degree  Curve 
Fig.  5 — Sooke  River  Ckossixg — Siphox  Xo.  1 


supported  upon  reinforced  concrete 
trestles,  the  type  of  wliich  is  shown 
in  Fig.  4. 

One  of  the  unusual  features  of  the 
line  is  the  large  proportion  of  pipe 
which  is  laid  upon  curves.  Of  the 
144,000',  71,300'  are  laid  upon  a 
tangent,  and  the  balance  upon  curves, 
(see  Figs.  5,  6,  7  and  8).  Approxi- 
mately 50,000'  of  the  curved  por- 
tion is  upon  curves  varying  between 


.'50°  and  75°.  These  curves  were 
turned  with  pipe  beveled  at  one  end, 
the  error  in  joining  caused  by  this 
method  being  too  slight  to  be  noticea- 
ble. 

As  the  pipe  is  laid  it  is  bulkheaded 
in  sections  of  2,000',  filled  and  test- 
ed. These  bulkheads  are  constantly 
moved  ahead  so  that  the  total  pipe 
laid  is  filled  and  tested  as  the  work 
proceeds. 


SooivE    Water 


Permanence  of  Concrete 
Roads 

According  to  the  eighth  annual  re- 
port of  the  Bd.  of  Co.  Rd.  Commrs. 
of  Wayne  Co.,  Mich.,  there  are  now 
over  100  mi.  of  concrete  roads  in  the 
county,  some  of  which  have  given 
nearly  6  yrs.  of  service.  That  the 
adoption  of  the  concrete  road  as 
standard  is  fully  justified  is  shown 
in  the  fact  pointed  out  by  the  com- 
missioners that  there  have  been  no 
developments  of  ruts,  and  not  a  sin- 
gle 25-ft.  section  has  had  to  be  taken 
ujj  and  replaced. 

Curing  of  the  concrete  after  lay- 
ing is  an  important  matter.  Follow- 
ing the  laying  of  concrete,  it  is  cov- 
ered with  2"  of  sand  or  loose  soil, 
and  this  is  sprinkled  daily  for  10 
das.  The  road  is  not  opened  to  traf- 
fic, however,  until  3  wks.  to  6  wks. 
have  elapsed,  according  to  the  sea- 
son of  the  year. 


It  is  far  too  common  practice  to 
leave  mixers  and  other  mechanical 
equipment  exposed  to  the  weather 
when  idle.  A  good  tarpaulin  cover 
costs  less  than  1  %  of  the  cost  of  a 
new  piece  of  cqui])ment  and  is  low 
insurance. 


Fig.  6 — Sipiiox  Xo.  5-  Sookk  \VATy;R  Supply 

Fig.  7 — Reverse  Curves  ox  the  8ooke  Gravity  Flow  Lixe 


This  is  the  time  to  build  concrete 
silos.  Remember  what  the  govern- 
ment says:  "When  every  farm  where 
stock  is  fed  has  a  silo,  an  annual 
waste  of  nearly  a  thousand  million 
dollars  will  have  been  eliminated." 


[300] 
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Methods  Used  in  Constructinf>-   a    lOS-Ft.    Mono- 
lithic Concrete  Silo  Near  Salona,   Pa. 


The  concrete  silo  shown  in  Figs. 
1,  2  and  3,  was  erected  in  the  summer 
of  1914  by  the  Quality  Farm  Prod- 
ucts Co.  near  Salona,  Pa.,  for  a  local 
creamery  company. 

GENERAL    DESIGN 

The  silo  is  16'  in  diameter  and 
108'  high,  with  a  cai^acity  of  6IO 
tons,  as  shown  in  Fig.  2.  The  early 
silos  rarely  exceeded  30'  in  height, 
but  with  the  advent  of  concrete  as  a 
building  material,  and  the  invention 
of  commercial  forms  for  monolithic 
concrete  construction,  the  average 
height  has  increased  until  60-ft.  and 
70-ft.  structures  are  quite  common. 
The  present  silo  is  claimed  to  be  a 
record  breaker  in  height  and  economy 
in  use,  as  the  costs  of  silos  vary  in- 
versely as  their  height.  For  instance, 
comparing  the  capacity  of  a  60-ft. 
silo  with  a  40-ft.  silo  of  the  same 
diameter,  it  is  found  that  the  former 
has  nearly  twice  the  capacity  of  the 
latter,  and  costs  only  about  %  more. 

The  foundation  is  10'  below  grade 
with  a  circular  footing  24"  wide. 
The  walls  are  uniformly  6"  thick 
throughout,  reinforced  both  ways 
with  square  twisted  steel  bars  as 
shown  in  Fig.  2. 

The  silo  is  built  with  a  continuous 
chute,  8-in.  round  openings  were  pro- 
vided at  regular  intervals  during  the 
Fig.  3.  For  admitting  light  to  the 
concrete  chute  as  shown  in  section  in 
construction  of  the  work. 

The  elliptical  openings  shown  in 
Fig.  2  are  20"  x  30"  in  size  and 
spaced  about  24"  apart.  The  oval 
shape  was  chosen  in  order  to  avoid 
sharp  angles,  which  usually  cause  air 
cracks  in  the  jamb  in  closing  the 
doors  when  filling  the  silo. 

The  doors  are  made  of  heavily  gal- 
vanized sheet  steel,  cut  to  fit  snugly 
in  a  concrete  jamb  made  by  a  sheet 
steel  door  form  used  in  connection 
with  the  silo  forms,  flush  with  the 
inner  wall  and  bent  to  the  radius  of 
the  silo.  On  the  outside  of  the  door 
are  fastened  four  malleable  clips  in 
which  hook-bolts  engage,  an  arrange- 
ment that  makes  a  flexible  fastening. 
Across  the  opening  on  the  outside  of 
the  silo  wooden  bars  are  placed 
through  which  these  bolts  pass.  The 
desired  stress  is  obtained  by  mallea- 
ble tail-nuts.  This  combination  gives 
a  light,  durable  door  that  is  air-tight. 

It  will  be  seen  from  Fig.  2  that  the 
steel  reinforcing  increases  from  the 
top  downward,  so  as  to  provide  for 
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Fig.  1 — A  Moxolithic  Concrete  Silo, 
16'ix  Diameter  axd  108'  High,  Erected 
Near  Saloka,  Pa. 

the  increasing  pressures  toward  the 
bottom.  This  pressure  does  not,  how- 
ever, increase  directly  with  the 
height,  for  by  the  comon  theories  of 
earth  pressure  the  friction  against 
the  sides  below  a  certain  depth  equals 
the  additional  weight  of  the  ensilage, 
so  that  no  matter  how  tall  the  silo, 
the  wall  pressure  per  sq.  ft.  never 
exceeds  a  certain  amount,  a  fact  said 


to  he  fully  (hmonstrated  In-  practical 
<  .\j)eriencc. 

iMOI.nS    A.VD    EQtll'MK.NT 

The  apparatus  used  in  building 
the  silo  carries  its  own  scaffolding 
and  is  automatically  lifted,  thus  im- 
posing no  strain  upon  the  section  of 
wall  already  built. 

The  macliine  is  set  up  with  a  4-in, 
steel  pipe  center  mast  placed  in  the 
center  of  the  floor  of  the  silo  and  is 
carefully  plumbed  by  means  of  guy- 
wires  attached  to  the  top  and  pro- 
vided w^ith  turn-buckles.  The  center 
mast  is  provided  \Vith  a  series  of 
transverse  holes  to  receive  a  heavy 
steel  pin,  which  supports  a  widely 
flanged  collar,  which  in  turn  sup'- 
ports  the  jacks  by  which  the  forms 
are  lifted.  Resting  upon  the  jacks 
is  a  hub,  consisting  of  a  flanged  base 
collar  and  a  top  dished  collar  con- 
nected by  a  central  pipe  of  sufficient 
diameter  to  work  easily  over  the  cen- 
ter mast. 

From  the  base  collar  of  this  hub 
radiate  steel  T's,  which  are  support- 
ed from  the  upper  collar  by  adjusta- 
ble hanger  rods  with  chain  clevises. 

Each  form  consists  of  eight  separ- 
ate sections  and  each  section  is  rein- 
forced and  stiff"ened  by  a  steel  angle 
frame  around  the  edges.  The  inner 
and  the  outer  steel  wall  forms  are 
rigidly  bolted  to  the  radiating  steel 
T's,  thus  insuring  perfect  curvature 
and  alignment  for  every  portion  of 
the  wall.  The  outer  sections  are 
bolted  together  at  their  ends  through 
holes  in  the  frames.  The  inner  sec- 
tions are  similarly  bolted  together  at 
their  ends  but  carry  a  steel  wedge 
between  them,  the  lifting  of  which 
allows  them  to  swing  free. 

In  order  to  keep  the  vertical  rein- 
forcing bars  in  their  proper  positions 
in  the  wall,  small  steel  clips  are  pro- 
vided, through  which  the  bars  pass. 
These  clips  fit  over  the  stems  of  the 
steel  T's. 

For  placing  the  concrete  in  be- 
tween the  forms  a  V-shaped  dumping 
bucket  is  provided,  being  supported 
by  a  crane  pivotally  attached  to  the 
center  mast  directly  above  the  top 
collar  of  the  hub.  and  thus  allowing 
it  to  be  easily  swung  to  any  part  of 
the  wall  space.  The  bucket  is  hoist- 
ed by  means  of  a  rope  and  a  series  of 
pulleys,  so  arranged  that  the  hoist- 
ing force  is  applied  horizontally  from 
without  the  structure.  A  small  open- 
ing, through  which  the  hoisting  rope 
works,  is  cut  in  the  wall  near  the 
bottom  of  the  first  pouring  of  con- 
crete. When  the  bucket  is  hoisted  it 
is  coupled  to  a  carrier  on  the  crane 
by  means   of  a   hinged   hook  and  is 


=Polk-Genun£:-Polk;    Co.,    Fort    Branch.    Ind. 
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Fig.  2 — Sketch  Showing  Details  of  108- 

FT.   COXCRETE    SiLO   NeAH    SalONA,    Pa. 


then  swung  to  any  desired  part  of  the 
wall  space. 

The  scaffolding,  both  inner  and 
outer,  is  swung  from  the  steel  T's 
which  project  some  distance  beyond 
the  wall.  The  above  mentioned 
heavy  steel  pin  through  the  center 
mast  carries  the  entire  weight  of  the 
machine  and  workmen  so  that  the 
green  wall  is  entirely  free  from 
strain. 

\S02\ 


The  foundation  of  this  silo  was 
started  10'  below  the  surface  as 
shown  in  Fig.  1,  and  the  structure 
was  built  up  at  the  rate  of  V  per  da. 
Each  morning  the  segments  of  the 
forms  were  unbolted  and  loosened 
from  the  wall  which  was  poured  the 
previous  day.  The  entire  machine 
was  quickly  jacketed  up  V ,  the  seg- 
ments again  bolted  together,  the  re- 
inforcing placed  in  position  and  the 
forms  filled  with  concrete,  which  set 
over  night.  The  next  morning  the 
whole  procedure  was  again  followed 
from  day  to  day,  until  the  desired 
height  was  obtained.  The  raising  of 
the  forms  required  on  an  average 
about  10  min. 

PLACING   THE    REINFORCEMENT 

The  vertical  reinforcing  was  first 
placed  in  position  in  convenient  10- 
ft.  lengths.  The  horizontal  reinforc- 
ing was  then  bent  to  the  proper 
radius  on  the  bar-bender,  a  part  of 
the  equipment  furnished  with  the  ma- 
chine, and  afterwards  inserted  be- 
tween the  forms  under  the  steel  T. 


down  past  the  doors,  they  are  re- 
placed in  the  openings  and  it  is  nec- 
essary when  refilling  the  silo  only  to 
smear  the  mud  gasket  back  of  the 
door  and  draw  it  tight.  It  is  then 
always  in  the  place  in  which  it  is  to 
be  used. 


Fig.  3 — Cross-Section  Showing  Chute 

It  was  then  securely  wired  at  inter- 
sections to  the  vertical  bars.  The 
ends  of  all  reinforcing  bars  were 
lapped  a  distance  equal  to  36  diam. 

CONCRETE    WORK 

The  mixture  for  the  silo  was  in 
the  proportions  of  1  part  Portland 
cement,  2  parts  coarse  sand  and  4 
parts  screened  and  washed  gravel. 

An  elliptical-shaped  sheet  steel 
door  form  was  set  between  the  forms 
as  the  work  progressed.  This  form 
molded  a  concrete  jamb  1"  wide  and 
l/o"  in  depth  from  the  inner  surface 
of  the  wall.  As  soon  as  the  machine 
had  passed  the  opening  the  form  was 
removed,  leaving  the  opening  in 
good  condition. 

SEALING   SILO   DOORS 

In  sealing  the  silo  doors,  a  thin 
gasket  of  moist  clay  was  smeared 
around  the  inner  surface  of  the  jamb; 
the  door  was  then  set  in  place  and 
drawn  tight  by  turning  the  tail  nuts 
by    hand.      When   the   silage   is    fed 


Fifonomies  in  Concrete 

In  spite  of  the  steady  increase  in 
the  most  of  materials  and  labor  the 
cost  of  reinforced  concrete  buildings 
has  not  advanced  greatly  in  the  past 
few  years. 

The  reason  for  this  seeming  para- 
dox is  indicated  by  the  following 
quotations  from  Leonard  C.  Wason, 
Pres.  Aberthaw  Constr.  Co.,  Boston. 
He   says: 

Some  years  ago  when  we  simply  sent 
the  foreman  a  set  of  bhieprints  of  the 
building  and  said  "Go  ahead  and  built 
it,"  leaving  him  to  work  out  his  own  form 
designs,  column  forms  used  to  cost,  for 
direct  labor,  as  much  as  18  cts.  per  sq. 
ft.,  and  floors  12  cts.  per  sq.  ft. 

Now  we  spend  much  time  in  the  office 
making  plans — ^sometimes  as  many  as  45 
sheets  of  form  details  for  a  simple  build- 
ing. These  designs  may  cost  2  cts.  per 
sq.  ft.  of  form-work.  But  now  if  the 
cost  of  labor  for  floor  forms  runs  over 
4  cts.  per  sq.  ft.  we  want  to  know  what 
is  the  matter;  if  it  runs  over  7  cts.  a  col- 
umn we  usually  make  a  row.  We  have 
come  to  the  conclusion  that  $1.00  spent 
intelligently  in  the  drafting  room  usually 
saves  $10  on  the  work — ^sometimes  more. 

That  Mr.  Wason  believes  in  steel 
forms  where  they  can  be  repeatedly 
used  is  evidenced  by  a  recent  state- 
ment as  follows : 

When  steel  forms  are  leased  and  re- 
turned they  cost  30  cts.  per  sq.  ft.  With 
wood,  on  the  average,  3  cts.  per  superfi- 
cial ft.  of  contact  is  the  cost  when  used 
four  times.  Thus,  it  is  necessary  to  use 
steel  forms  10  times  to  bring  the  average 
material  cost  down  to  that  of  wood.  But 
with  wood  the  forms  are  so  much  shaken 
and  damaged  that  after  three  or  four 
uses  they  are  practically  worn  out  and 
have  to  be  replaced.  We  used  steel  forms 
an  average  of  more  than  13  times  on  one 
job  and  they  were  still  in  good  shape. 

We  have  never  used  .steel  forms  to  de- 
struction, although  we  have  used  them  30 
times.  Probably  45  uses  is  a  conservative 
estimate  of  their  life.  In  this  period  3 
cts.  per  sq.  ft.  may  be  spent  for  upkeep, 
and  when  they  are  worn  out  the  same  3 
cts.  can  be  obtained  from  the  metal  as 
junk.  If  the  forms  are  bought  at  45  cts. 
per  sq.  ft.  instead  of  leased  at  30  cts. 
the  cost  per  use  would  work  out  finally 
at  1  ct.  to  which  should  be  added  V2  ct. 
for  wedges  and  keys.  This  total  is  just 
half  the  cost  of  wood. 


When  contracting  for  building  a 
silo  don't  forget  that  often  the 
farmer  may  be  induced  to  put  in 
small  work  such  as  walks,  feeding 
platforms,  hog  wallow,  etc.,  that  will 
keep  your  crew  and  mixer  busy  at 
the  end  of  the  day  when  the  silo 
forms  have  been  filled  and  thus  turn 
back  a  good  profit. 
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Field  Examination  of  Concrete  Sand 

Discussed  By  Sanford  E.  Thompson/  John  T.  Simpson/  H.  J.  Kuelling/ 

Leonard  C.  Wason/  William  M.  Kinney" 


"We  should  like  instruction  in 
identifying  the  best  kind  of  sand 
for  concrete — identification  to  be 
made  in  the  field  without  any  elabor- 
ate laboratory  equipment.  What  is 
the  best  practice  in  determiniuf^ 
qualities?  What  general  instructions 
are  there  as  to  the  sands  which  are 
always  to  be  avoided?  What  are 
economical  methods  for  the  elimina- 
tion of  foreign  materials  from  the 
sand?" 


By  Mr.  Thompson 

Experience  has  proved  conclusive- 
ly that  there  is^  as  yet,  no  means  of 
distinguishing  positively  in  the  field 
between  a  good  and  a  bad  sand. 
Every  sand  from  a  bank  which  has 
not  been  tested  previously  should  be 
subjected  to  laboratory  test  before 
being  used  in  concrete. 

This  may  seem  a  radical  require- 
ment, but  it  has  been  proved  valuable 
by  case  after  case  occurring  in  prac- 
tice, when  a  sand  of  excellent  appear- 
ance has  failed  to  set  up. 

Our  Committee  C-9  of  the  Am. 
Soc.  for  Test.  Mat.  is  now  investi- 
gating this  problem  with  a  view  to 
determining  the  causes  other  than 
fineness  which  prevent  the  hardening 
of  mortar  and  concrete  even  when 
made  with  first-class  cement. 

By  Mr.  Simpson 

During  the  11  years  the  writer 
was    identified    with    the    American 
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Concrete  Steel  Co.,  of  this  city,  a 
very  simple  method  of  testing  sand 
was  used,  which,  for  all  practical 
purposes,  seems  to  be  efficient. 

A  number  of  samples  of  sand  are 
taken  from  the  materials  delivered 
and  are  placed  in  a  milk  bottle,  filling 
the  bottle  to  about  %  of  its  height. 
Clear  water  is  then  poured  into  the 
bottle  until  it  is  almost  full,  the  cap 
is  put  on  and  the  contents  thoroughly 
shaken  until  the  sand  is  well  washed. 
The  bottle  is  ihtv  allowed  to  stand 
undisturbed  for  'a  number  of  hours, 
until  the  water  on  the  top  of  the  sand 
becomes  perfectly  clear  again.  In 
most  cases,  when  the  sand  is  taken 
from  a  bank  and  unwashed,  a  layer 
of  sediment  is  deposited  on  top  of 
the  sand,  and  by  comparing  the 
height  of  this  layer  of  sediment  with 
the  height  of  the  column  of  sand,  a 
close  approximation  of  the  percen- 
tage of  loam  can  be  arrived  at.  It 
was  the  practice  of  the  writer  to  keep 
the  percentage  of  loam  down  to  5%, 
or  under,  although  in  some  cases  as 
high  as  10%  has  been  used  in  emer- 
gencies, when  a  cleaner  sand  could 
not  be  obtained.  A  test  of  this  kind 
affords  a  close  approximation  and  as 
any  workman  at  the  building  can 
make  the  test,  it  is  a  really  a  very 
practical  one,  as  it  oftentimes  pre- 
vents the  delivery  of  materials  on  the 
site  which  would  later  have  to  be 
hauled  away. 

By  Mr.  Kuelling 

If  the  sand  is  for  a  concrete  road 
or  an  important  structure  of  any 
kind,  I  would  not  use  it  without 
laboratory  testing,  at  least  as  to  its 
grading,  cleanliness  and  general  phy- 
sical composition,  and  if  in  a  strange 
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territory,  I  would  make  tests  rela- 
tive to  its  strength.  If  used  for 
some  minor  purposes  a  man  with 
laboratory  experience  on  sand  test- 
ing, or  a  man  with  considerable  con- 
crete experience  could  make  a  fairly 
good  inspection  in  the  field.  Under 
no  conditions  would  I  leave  the  selec- 
tion of  sand  to  an  inexperienced 
man. 

Assuming  that  the  man  in  the  field 
has  a  couple  of  sieves,  he  can  arrive 
at  a  fair  idea  of  the  gradation  by 
sieving  and  measuring  a  composite 
sample.  If  the  man  has  ideas,  and 
cares  to,  he  can  plat  this  information 
on  a  standard  curve.  He  must  not 
forget,  however,  that  when  separated 
into  sizes,  the  percentage  of  voids  in 
each  size  differs  considerably  from 
the  composite  samples.  Generally 
speaking,  the  sand  with  the  larger 
percent  of  coarse  particles,  that  is, 
those  from  ^g"  to  14"  in  size,  is 
very  likely  to  give  better  satisfac- 
tion for  concrete  purposes.  This 
statement,  of  course,  should  be  con- 
sidered only  when  there  is  sufficient 
of  the  finest  sand  to  fill  the  voids  in 
the  coarser. 

An  idea  of  cleanliness  can  be  gain- 
ed by  noting  whether  or  not  the  sand 
is  coated  with  clay.  Another  good 
test  is  to  take  a  thoroughly  dry  sam- 
ple and  after  shaking  vigorously, 
note  whether  or  not  much  dust 
arises.  Another  test  is  to  mix  some 
of  the  sand  with  water  and  note  the 
degree  of  cleanliness  in  the  water. 

In  noting  the  general  physical 
composition,  the  inspector  should  note 
the  presence  or  absence  of  mica 
flakes,  as  their  presence  is  very  detri- 
mental. He  should  also  note  roughly 
what  proportions  of  the  sand  are 
silica  and  limestone.  The  larger 
the  percentage  of  silica,  naturally, 
the  better  the  sand.  He  should  note 
the  composition  of  individual  grains, 
whether  hard  or  soft,  sharp  or  round, 
stratified  or  unstratified.  He  should 
note  the  possibility  of  foreign  matter 
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gttting  into  tlie  sand^  due  to  improper 
stripping  of  the  pit.  He  should  note 
the  general  makeup  of  the  pit,  name- 
ly as  to  whether  or  not  the  sand 
occurs  in  layers  of  various  sizes  and 
also  the  possibility  of  some  laj^ers 
being  hauled  from  the  pit  -with  sand 
of  one  size  only. 

If  the  foreign  material  in  the  sand 
is  very  fine  clay,  it  might  be  removed 
by  screening  providing  the  sand  is 
very  day,  but  this  is  hardly  probable 
under  working  conditions.  The  only 
other  method  that  I  know  of,  is  to 
v,ash  the  sand. 

Bv  Mr.  Wasox 

Our  field  test  for  sand  is  the  com- 
mon one  of  rubbing  between  the 
liands  to  see  whether  or  not  the  mate- 
rial is  dirty  and  to  see  whether  or 
not  it  is  gritty,  and  throwing  it  into 
a  glass  of  water  to  test  for  the 
amount  of  fine  material,  which  ren- 
ders the  water  muddy,  then  mixing 
a  small  portion  into  mortar  of  about 
the  consistency  used  in  laboratory 
work,  spreading  it  out  thin  on  a  sheet 
of  glass  as  for  the  boiling  tests  of 
the  laboratory  and  with  makeshift 
needles  filed  out  of  wire  nails,  try 
the  time  of  set  of  the  cement.  If  the 
sand  is  of  a  poor  quality  it  will  re- 
tard setting.  We  also  test  the  hard- 
ness of  the  cement  at  the  end  of  one 
da.  or  two  das. 

If  a  thoroughly  first-class  sand  of 
known  quality  is  at  hand,  a  compara- 
tive test  will  be  made  with  it;  then  a 
boiling  test  will  be  arranged  with 
the  specimens  in  an  iron  pail  to  see 
whether  or  not  the  sand  acts  in  a 
normal  way  under  these  conditions. 
If  it  does,  we  use  it  for  our  unimpor- 
tant work  where  a  failure  would  not 
be  a  serious  matter,  but  for  many 
years  we  have  never  used  an  un- 
known sand  for  important  work  like 
the  construction  of  a  building  with- 
out first  having  laboratory  tests  made 
of  it.  In  IQLS  about  a  dozen  sam- 
ples failed  to  meet  the  standard  re- 
quirements. 

Bv  Mr.  Kinney 

The  field  examination  of  concrete 
sands  is  a  matter  which  would  be 
rather  difficult  to  treat  in  detail  to 
the  best  advantage  without  consum- 
ing considerable  space,  and  perhaps 
a  reference  to  a  bulletin  that  has  been 
published  by  one  of  the  engineering 
experiment  stations  will  serve  the 
purpose  here.  This  bulletin  is  No. 
.34  of  the  Engineering  Experiment 
Station,  of  the  la.  State  Coll.  of 
Agri.  and  Mechanic  Arts  and  is  en- 
titled, "The  Use  of  Iowa  Gravel  for 
Concrete."  It  contains  a  description 
of  an  outfit  for  gravel  testing  used 
by  inspectors  of  the  Highway  Com- 
missions of  la.  and  111.,  costing  about 


//v 


(^J/D^SOAOD  ro JQOry^/i/7' AfA7^g>//ii  /5«?/<5'.<af/A45  7>/«3V/V  £?/5f/P 

/a>'-o"- 


Gravel  Washixg  axd  Screening  Apparatus 


$3.50,  also  the  methods  of  using  this 
outfit  in  making  a  field  examination 
of  sand  and  gravel  for  concrete 
work. 

Fine  sand  should  always  be  avoid- 
ed in  concrete  work,  as  it  will  not 
produce  requisite  strength  without 
the  use  of  an  excessive  amount  of 
cement.  It  is  often  more  economical 
to  secure  a  suitable  coarse  sand  from 
some  distance,  if  necessary.  Clay 
existing  as  a  coating  on  the  particles 
of  sand  aggregate  is  undoubtedly  in- 
jurious, as  proper  adhesion  between 
the  cement  and  sand  surface  is  then 
prevented.  When,  however,  clay  of 
a  silicious  nature  in  the  form  of 
separate  particles  exists  to  a  small 
extent  throughout  the  mass  of  aggre- 
gate, it  appears  to  cause  no  serious 
harm  in  many  kinds  of  concrete  work. 
The  presence  of  clay  in  sand  may  be 
detected  by  the  well  known  method 
of  rubbing  the  material  between  the 
hands  or  by  stirring  or  shaking  a 
small  quantity  of  sand  in  a  tumbler 
or  bottle  of  water.  A  coating  of 
vegetable  matter  on  sand  grains  ap- 
pears not  only  to  prevent  the  cement 
from  adhering  but  to  affect  it  chemi- 
cally. Consequently,  the  sand  should 
be  free  from  loam  or  vegetable 
growths.  Sometimes  the  quantity  of 
vegetable  matter  is  so  small  that  it 
cannot  be  detected  by  the  eye  and 
requires  a  careful  analysis  of  the 
sand.  Concrete  made  with  such 
sand  usually  hardens  so  slowly  that 
the  results  are  questionable  and  its 
use  is  prohibited. 

As  far  as  economic  methods  for 
the  elimination  of  foreign  materials 
from  the  sand  are  concerned  possibly 
the  accompanying  sketch  of  a  wash- 
ing and  screening  apparatus  for 
bank-run  gravel  may  be  of  interest 
to  some. 

The  general  arrangement  of  the 
apparatus  is  shown  in  detail  and 
consists  principally  of  a  trough,  set 


at  such  an  incline  that  the  aggregate 
will  roll  down  by  gravity,  assisted 
by  a  water  flow  applied  at  the  high 
end  of  the  trough.  The  slope  of  the 
trough  will  depend  upon  the  amount 
of  water  used  and  the  nature  of  the 
aggregate  to  be  washed.  Conse- 
quently, the  drawing  shows  this 
height  at  the  upper  end  of  the  screeen 
as  variable.  Eight  feet  will  not  be 
an  objectionable  elevation,  if  the  ma- 
terial to  be  washed  can  be  dumped  in 
a  pile  at  the  high  end,  so  that  the 
truck  shovelers  may  work  from  the 
top  of  the  pile,  thus  making  it  neces- 
sary to  throw  the  material  to  the  full 
8-f't.  height. 

As  operated  on  one  job,  water  was 
in  one  case  obtained  from  a  flowing 
well,  and  at  other  times  a  gasoline 
engine,  running  a  pump  placed  in  a 
well,  forced  water  to  the  pipe  line, 
emptying  it  into  the  upper  end  of  the 
trough.  Gravel  to  be  washed  was 
dumped  near  the  elevated  end  and 
shoveled  from  there  into  the  trough, 
where  gravity  and  the  flow  of  water 
caused  it  to  roll  down,  and  as  a  re- 
sult of  this  action  loosened  the  dirt 
sufficiently,  so  that  when  the  mate- 
rial reached  the  screen,  dirty  water 
and  sand  passed  through,  while  the 
coarse  aggregate  passed  on  to  the 
end  of  the  trough.  It  was  found 
necessary  to  scrape  the  coarser  ag- 
gregate out  of  the  lower  end  of  the 
trough  from  time  to  time,  as  the  pitch 
was  not  sufficient  to  cause  the  mate- 
rial to  roll  out  after  the  water  had 
passed  through  the  screen.  The  ma- 
terial was  washed  as  fast  as  it  was 
used  for  concrete,  eliminating  the 
trouble  of  frequently  removing  it 
from  the  lower  end  of  the  trough. 
If  it  is  desired  to  wash  a  considera- 
ble quantity,  the  trough  can  be  ar- 
ranged in  such  a  manner  that  it  may 
be  moved  in  a  line  parallel  to  the  ma- 
terial deposited  at  the  end,  thus 
eliminating  shoveling   it  away.     The 
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cost  of  washing  and  screening  mate- 
rial with  this  apparatus  was  esti- 
mated as  ranging  from  25  ets.  to  30 
cts.  per  cu.  yd.  But  material  was 
washed  only  as  required  for  use,  the 
output  varj'ing  from  15  cu.  yds.  to 
9.0  cu.  yds.  per  da.,  with  two  men 
operating.  More  material  per  da. 
could  probably  be  turned  out  if  the 


mixing  of  concrete  were  not  carried 
on  at  the  same  tim'e  and  attention 
thus  directed  to  increasing  the  capac- 
ity of  the  apparatus.  Very  satisfac- 
tory results,  however,  were  obtained 
from  this  equipment  and  the  con- 
tractor was  so  well  pleased  that  he 
intends  to  again  use  the  device  under 
similar  circumstances. 


Good  Practice    in    Concrete    Block 
House  Construction  □  □ 

Discussed  By  Wm.  M.  Kinney/  Rolf  R.  Newman/  Oswald  C.  Hering,^ 

A.  E.  Cline,*  J.  K.  Harridge/  C.  R.  Knapp" 


"The  writer's  home  is  in  Belgiiim. 
This  inquiry  is  being  sent  from  Eng- 
land, where  I  am  living  temporarily. 
I  am  making  preparation  for  recon- 
struction work  in  Belgium,  particu- 
larly in  connection  with  moderate 
priced  dwellings  in  which,  I  believe, 
concrete  block  can  be  used  extensive- 
ly, owing  to  the,  scarcity  of  clay 
brick.  Any  attempt  which  may  be 
made,  however,  to  introduce  concrete 
block  on  a  large  scale  should  be  well 
considered  and  mistakes  which  have 
heretofore  been  made  in  Belgium 
and  which  have,  to  some  extent,  dis- 
credited concrete  block,  should  be 
avoided.  I  shall  appreciate  infor- 
mation along  the  lines  suggested  by 
the   following   questions: 

"1.  What  is  the  best  practice  re- 
garding insulation  in  concrete  block 
and  concrete  tile  walls,  laid  horizon- 
tally and  vertically?  In  what  sys- 
tem of  block  wall  construction  would 
it  be  safe  to  eliminate  interior  furr- 
ing and  lathing  before  putting  on 
plaster? 

"2.  In  the  construction  of  a  con- 
crete cottage,  the  outside  wall  of 
which  is  built  of  single  hollow  block, 
could  sufficient  insulation  be  provid- 
ed against  moisture  and  temperature 
changes,  with  a  2-in.  air  space  ob- 
tained by  means  of  furring  strips  on 
the  inside?  It  is  proposed  to  build 
these  cottage  walls  of  a  very  thin 
block. 

"3.  In  the  construction  of  cottage 
walls  of  concrete  block  as  mentioned 
in  question  No.  2,  wotdd  it  be  ad- 
visable to  put  interior  plaster  direct 
on  the  block,  providing  the  outside 
of  the  block  were  furred  and  lathed 
and  covered   with  1  1/2"   of  stucco, 
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leaving  an  air  space  between  the 
stucco  and  the  block? 

"Jf.  As  I  understand  it,  the  effec- 
tiveness of  insulation  depends  upon 
the  continuity  of  the  air  space.  In 
concrete  house  construction  where 
there  is  a  double  wall  with  continu- 
ous air  space,  would  there  be  serious 
interference  with  insulation  if  floor 
beams  projected  through  the  air 
space  and  rested  upon  both  outside 
and   inside  portions   of   the   wall? 

"5.  If  we  use  one-piece  block  with 
projecting  lug  on  the  inside  and 
place  furring  strips  vertically  on 
these  lugs,  would  it  be  good  con- 
struction to  plaster  on  lath  fastened 
to  these  furring  strips?  Would  the 
insulation  be  interfered  with  by  the 
the  condition  he  improved  by  placing 
furring  strips?  Would  the  furring 
strips  be  apt  to  rot  out  and  would 
tar-felt  between  the  concrete  block 
and  the  furring  strips?  l 

"6.  In  a  double  wall  construction 
with  concrete  block,  do  the  galvan- 
ized ties  ever  become  rusty  so  that 
their  value  is  destroyed? 

"7.  Will  marble  chips,  used  as  ex- 
terior facing  material  in  concrete 
block,  weather  satisfactorily?  Will 
not  severe  frosts  cause  disintegra- 
tion of  such  a  facing? 

"8.  With  a  large  supply  of  crush- 
ed brick  available,  would  it  be  good 
practice  to  use  this  crushed  brick  as 
an  aggregate  for  the  coarse  backing 
of  concrete  block?  Would  a  good 
bond  be  obtained  between  the  facing 
and  backing  if  the  facing  were  used 
in  this  way?" 


By  Mr.   Kinney 

1.  Interior  furring  and  lathing 
may  be  omitted  in  construction  which 
provides  a  continuous  air  space  in 
the  wall.  If  air  space  is  not  con- 
tinuous, that  is,  if  construction  is 
simply    of    the    hollow   block    or   tile 


type,  tlicn  furring  and  lathing  will 
be  necessary,  especially  where  cli- 
niatic  conditions  are  such  that  tem- 
jxrature  range  is  wide. 

2.  This  question  may  be  answered 
in  the  affirmative. 

3.  The  practice  outlined  in  ques- 
tion 2  would  be  preferable,  although 
under  most  conditions  no  doubt  the 
method  outlined  in  question  3  wouhl 
prove  fairly  satisfactory. 

4.  This  question  may  be  answered 
in  the  negative.  Probably  the  only 
interference  with  insulation  would 
be  localized,  and  if  evident  would 
not  extend  beyond  the  limits  of  base- 
boards used  in  trim. 

5.  Presuming  that  the  concrete 
block  are  impervious,  we  believe  that 
the  answer  to  this  question  can  be 
"No." 

7.  If  the  marble  chips  used  are 
from  a  dense  marble,  then  the  an- 
swer to  this  question  is  "No."  Pos- 
sibly a  soft,  porous  marble  would 
disintegrate.  If,  however,  hard  mar- 
ble is  used  and  the  concrete  mixture 
used  in  the  block  is  properly  propor- 
tioned to  secure  density  and  water- 
tightness,  there  should  be  no  disin- 
tegration of  the  facing. 

8.  Crushed  brick,  if  clean,  well 
burned,  and  therefore  hard,  and 
meeting  the  requirements  of  grading 
for  other  aggregate,  may  be  used  as 
aggregate  in  the  manner  suggested. 
A  good  bond  will  result  between  the 
facing  and  backing  if  the  two  are 
of  proper  and  equal  consistency 
when  placed,  and  are  placed  with- 
out an  interval  of  time  elapsing. 

By  Mr.  Newman 

1.  The  best  practice  regarding  in- 
sulation in  any  case  is  a  liberal  use 
of  Portland  cement  and  intelligent 
proportioning  of  the  sand  and  rock 
used  with  it.  Any  system  of  well 
made  block  wall,  at  least  8"  thick 
and  comprising  a  2-in.  air  space  (not 
necessarily  continuous)  may  be  plas- 
tered upon  directly,  without  the  use 
of  interior  furring. 

2.  Using  block  thinner  than  8". 
furring  strips  as  mentioned  would 
fully  insulate  against  moisture  and 
temperature  changes;  but  in  regard 
to  the  strength  of  the  wall  when  com- 
ing below  8"  in  thickness,  solid  con- 
crete will  be  found  to  have  economic 
advantages  over  block  or  tile  con- 
struction. 

3.  The  construction  inferred  by 
this  question  could  hardly  be  consid- 
ered block  construction  as  the  ex- 
terior frame  is  of  wood  with  l^o"  of 
exterior  stucco.  So  long  as  the  ex- 
terior stucco  remains  intact  the  plas- 
ter blocks  inside  with  air  space  as 
mentioned  would  undobutedly  pro- 
vide a  satisfactory  house,  but  the 
modern  tendency  is  to  use  some  form 
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of  concrete  or  block  construction  that 
does  not  put  so  much  responsibility 
upon  the  exterior  plaster. 

4.  I  do  not  understand  that  the 
effectiveness  of  an  air  space  is  con- 
tingent upon  its  continuity.  I  have 
placed  floor  beams  upon  interior 
webs  where  they  were  strong  enough 
but  I  think  to  project  them  also 
through  the  outer  shell  of  your  block 
is  an  unnecessary  complication  of 
your  insulation  problem  not  justi- 
fied by  other  considerations. 

5.  In  using  wooden  furring  strips 
I  regard  tar  and  felt  simply  as 
makeshifts  which  may  or  may  not 
prolong  the  life  of  the  resulting 
combination.  A  much  surer  method 
would  be  the  use  of  metal  furring 
strips  mechanically  fastened  to  the 
lugs  of  the  block,  as  referred  to  in 
your   question. 

6.  All  metal  in  wall  containing  air 
spaces  is  subject  to  rust  if  moisture 
reaches  it,  and  the  only  known  pre- 
ventive or  modifier  of  this  contin- 
gency is  a  liberal  and  proper  use  of 
Portland  cement  in  the  mortar  in 
which  the  block  are  laid. 

7.  ]\Iarble  chips  or  other  exposed 
aggregates  often  weather  remarkab- 
ly well,  but  the  use  of  these  materi- 
als in  the  facing  of  block  is  so  lia- 
ble to  lead  to  combinations  of  tex- 
ture or  color  that  are  not  in  good 
taste  that  they  are,  as  a  rule,  to  be 
avoided.  A  plain  faced  block  with 
good  jointing  makes  a  remarkably 
good  wall — or  rather  is  capable  of 
making  a  good  wall — so  let  us  strive 
for  better  workmanship  in  plain 
walls  and  save  the  marble  chips  for 
special  occasions. 

8.  The  use  of  broken  bricks  in 
concrete  work  is  permitted  when 
they  are  fairly  hard  burned  and 
when  they  have  been  well  soaked  be- 
fore placing  them  in  the  concrete. 
Under  these  conditions  I  can  see  no 
objection  to  using  them  in  the  back- 
ing of  a  concrete  block  but  I  can  see 
no  real  economy  unless  there  be  a 
great  dearth  of  fine  stone  material 
and  there  would  always  be  the  dan- 
per  of  getting  a  piece  too  near  the 
face  that  might  provide  a  passage 
for  moisture  to  the  center  of  the 
block. 

By  Mr.  Hering 

My  answers  are  based  on  the  as- 
sumption that  climatic  conditions  in 
Belgium  are  not  so  different  from 
those  around  N.  Y.  C.  that  approxi- 
mately the  same  specification  cannot 
be  used. 

1.  The  only  safe  mctliods  of  insu- 
lation are  those  which  provide  a 
space  for  the  free  circulation  of  air 
between  the  outside  and  the  inside 
wall  surfaces,  preferably  between  an 
outside   bearing   wall    and    an    inside 
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screen  formed  to  hold  the  inside 
plaster  or  other  finish.  It  would  not 
be  safe  in  dwelling  houses  to  elim- 
inate this  air  chamber — consequent- 
ly furring  may  be  omitted  in  the 
double  wall  construction  only. 

2.  I  do  not  know  of  any  concrete 
hollow  block  less  than  6"  thick.  Al- 
ways assuming  that  the  block  is  cap- 
able of  performing  its  function  of 
sustaining  tlie  load  and  of  keeping 
out  wind  and  water  a  2-in.  interior 
furring,  lathed  and  plastered,  should 
be  an  effective  insulation  against 
moisture  and  temperature  changes. 
If  the  block  present  no  finished  sur- 
face and  are  not  of  a  dense  mixture 
or  laid  with  perfectly  tight  joints 
it  would  be  well  to  paint  them  out- 
side with  a  good  waterproof  paint. 

3.  I  should  not  recommend  this 
form  of  construction.  It  is  putting 
the  cart  before  the  horse.  The  stuc- 
co would  better  be  applied  directly 
to  the  block  on  the  outside  and  the 
inside  of  the  block  furred  and  plas- 
tered. 

4.  No,  provided  the  beams  men- 
tioned are  of  wood  or  some  other 
non-conductor  of  heat. 

5.  (A)  Yes.  (B)  No.  (C)  Not 
if  a  dense  block  is  used  and  the  cli- 
mate is  normally  dry.  If  any  water- 
proofing is  to  be  done  it  should  be 
with  the  paints  specified  above,  or 
equal  to  them,  applied  to  the  block 
on  the  outside.  Waterproofing  the 
inside  of  a  wall  is  like  locking  the 
stable  after  the  horse  has  been  stolen. 
It  is  done  only  when  the  outside  sur- 
face, for  some  reason,  cannot  be 
reached. 

6.  I  do  not  know  of  any  instance 
of  the  collapse  of  a  double  wall  due 
to  the  disintegration  of  the  iron  ties. 
In  America  it  is  not  generally  con- 
sidered a  source  of  danger.  But  in 
America  we  do  not  build  for  pos- 
terity. If  the  ties  rust  then  most 
of  our  "skeleton  steel"  buildings 
will  in  time  have  to  come  down — -for 
unless  steel  is  thoroughly  embedded 
in  concrete,  as  in  reinforced  concrete 
construction,  it  will  eventually  disin- 
tegrate. 

7.  (A)  Yes,  if  strongly  embed- 
ded. (B)  No  more  so  than  marble 
block. 

8.  I  am  not  sufficient!}^  familiar 
with  the  action  of  brick  as  the  chief 
aggregate  to  be  able  to  give  an  opin- 
ion. In  America  it  would  not  ordi- 
narily be  used  as  such,  owing  to  its 
high  cost. 

By  Mr.  Clixe 

1.  The  use  of  some  kind  of  furr- 
ing strip  or  metal' furring  plug  to 
hold  the  lath  and  plaster  away  from 
the  walls,  leaving  a  2-in.  space  be- 
tween the  walls  and  plaster  is  rec- 
ommended.    In  a  climate  not  too  cold 


one  can  plaster  directly  on  the  inside 
walls  of  any  good  waterproof  block 
or  tile,  but  where  there  is  long-con- 
tinued below-freezing  weather,  the 
walls  become  so  cold  that  any  mois- 
ture in  the  rooms  will  condense  on 
the  walls,  even  where  no  dampness 
can  penetrate  from  the  outside.  A 
double  wall  with  no  webs  reaching 
across  should  be  a  safe  proposition. 

2.  Yes.  especially  so  by  using  in- 
sulating paper  (cold  storage)  be- 
tween the  strips  and  the  block. 

3.  Yes,  if  the  stucco  were  made 
impervious  to  moisture  by  some  good 
waterproof  mixture  or  paint. 

4.  Not  serious,  as  wood  is  a  poor 
conductor,  provided  the  beams  do 
not  project  through  the  outside  wall. 
But  it  would  not  be  good  practice  to 
do  it.  Leave  them  on  inside  wall 
only,  then  in  case  of  fire  the  outside 
wall  would  not  be  disturbed  by  fail- 
ure of  the  beams. 

5.  Yes.  But  use  some  form  of 
waterproof  insulating  paper  between 
the  furring  strips  and  the  block; 
this  will  prevent  any  chance  of  de- 
cay of  the  strips. 

6.  Have  never  seen  or  heard  of 
their  doing  so. 

7.  Yes,  provided  it  is  a  good,  hard 
marble.  Have  used  both  marble  and 
limestone  and  have  never  seen  it 
disintegrate,  for  the  reason  that  the 
small  pieces  of  marble  do  not  have 
any  seams  or  cracks  through  which 
water  can  enter,  and  the  cement  in 
which  they  are  held  forms  a  protec- 
tive covering  to  all  except  the  ex- 
posed surface. 

8.  Have  never  used  crushed  brick, 
but  see  no  reason  why  good,  hard 
burned  brick  should  not  make  a  fair 
substitute  for  gravel,  when  used  with 
good  sand.  If  facing  and  backing 
are  made  at  the  same  time  and  either 
pressed  or  tamped  together  thor- 
oughly, there  is  no  danger  of  sepa- 
ration. 

Bv  ]\Ir.  Harridge 

1.  A  very  satisfactory  method  of 
securing  insulation  for  the  plastered 
surfaces  of  an  interior  wall,  where 
a  single  unit  in  the  shape  of  block  or 
tile  is  used,  is  to  use  furring  strips. 
This  is  found  to  be  of  good  practice 
in  all  masonry  walls.  Security  from 
the  effects  of  frost  and  dampness, 
where  it  is  desired  to  plaster  directly 
on  the  wall,  may  be  had  by  use  of  a 
two-piece  construction. 

2.  With  blocks  reasonably  imper- 
vious, the  2-in.  air  space  secured  by 
furring  would  be  quite  ample,  in 
fact,  in  general  jiractice  a  furring 
strip  not  more  than  1"  thick  is  used. 
It  should  be  sufficient  so  that  the 
keys  of  plaster  between  the  lath  do 
not  touch  the  block  wall. 

3.  While  i^laster  might  safely  be 
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applied  directly  to  the  block  wall 
under  the  conditions  mentioned  in 
this  question,  if  the  stucco  were 
made  impervious,  especially  at  the 
ground  line,  yet  it  would  hardly  be 
said  to  be  advisable  from  a  practi- 
cal and  economical  standpoint.  The 
method  mentioned  in  query  No.  2 
seems  preferable. 

4.  The  continuity  of  air  space 
horizontally  is  most  valuable  because 
it  prevents  any  direct  contact  be- 
tween the  inside  and  the  outside 
faces  of  the  wall,  insulating  against 
frost  where  the  block  are  made  dense 
with  wet  mixture  and  against  the 
transmission  of  dampness  if  block 
are  not  so  impervious  as  they  might 
be.  Breaking  up  the  vertical  air 
spaces  is  a  benefit  if  secured  through 
the  use  of  some  material  which  will 
not  conduct  heat,  cold  nor  dampness, 
such  a  good  felt.  The  projecting  of 
floor  joists  onto  the  outside  walls 
need  not  interfere  with  the  value  of 
the  air  space;  the  wall  on  the  in- 
side would  be  carried  up  through 
slabs  between  the  joists,  sealing  the 
air  space. 

5.  The  one-piece  block  with  face 
and  inwardly  projecting  webs,  with 
furring  strips  fastened  to  web  ends 
and  then  lathed,  makes  ideal  low- 
price  construction.  The  furring 
strip  furnishes  sufficient  insulation 
for  the  plastered  wall.  The  founda-. 
tion  for  belief  that  the  furring  strips 
will  last  indefinitely  results  from 
their  long  use  in  other  forms  of  ma- 
sonry construction.  Add  a  good 
building  paj^er  between  the  ends  of 
the  webs  and  the  furring  strips  and 
you  have  two  air  spaces  instead  of 
one,  securing  an  improved  wall  at 
very  small  expense.  If  this  block  is 
made  of  a  wet  mixture  it  should  be 
sufficiently  impervious  to  make  tar- 
ring of  the  web  unnecessary.  There 
are  a  number  of  simple  methods  of 
attaching  the  furring  strips  to  the 
webs  of  this  wall,  the  simplest  and 
one  of  the  most  satisfactory  being 
to  lay  a  loop  of  wire  in  the  mortar 
joints  as  the  wall  is  laid,  later  twist- 
ing the  ends  tightly  around  the  furr- 
ing strip. 

6.  In  a  double  wall  fastened  to- 
gether with  wire  ties,  the  ties  prob- 
ably will  not  rust  out  if  of  galvan- 
ized wire.  Care  must  be  taken  in 
handling  or  the  wires  might  become 
so  loose  as  to  make  them  useless.  A 
two-piece  wall  of  such  shape  as  to 
make  a  bond  between  the  inside  and 
the  outside  -faces  of  concrete  without 
the  need  of  wire  ties  is  better  con- 
struction. 

7.  Marble  chips  are'  quite  satis- 
factory for  facing  concrete  block, 
provided  the  block  backing  and  the 
facing  mixture  of  chips  and  cement 
are  made  wet,  to  insure  a  positive 
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bond  between  the  back  and  the  face. 
The  chips  are  protected  by  the  ce- 
ment coating  wliich  partially  covers 
them,  and  with  the  imperviousness 
coming  from  the  wet  mixture  (and 
careful  grading)  there  is  no  deteri- 
oration from  frost. 

7.  Brick  if  hard  burned,  free 
from  dust  and  properly  graded  after 
crushing,  would  no  doubt  prove  a 
satisfactory  substitute  for  stone  in 
the  manufacture  of  block  for  the 
class  of  work  in  question.  The  brick 
aggregate  would,  of  course,  want  to 
be  thoroughly  wet  before  mixing  in 
order  that  the  mixture  might  not 
be  robbed  of  the  moisture  required 
for  cement  crystallization.  The  use 
of  brick  aggregates  should  make  no 
difference  in  the  matter  of  facing. 

By  Mr.  Knapp 

1.  The  interior  furring  and  lath- 
ing may  be  eliminated  from  any 
hollow  block  wall  and  plaster  put 
directly  on  the  block,  providing  you 
have  a  good,'  dense  block,  well  made, 
of  good  material  and  properly  cured, 
and  carefully  laid  up  in  cement  mor- 
tar. 

Editorial  Discussion 

In  the  foregoing  discussions  there 
is  a  difference  of  opinion  in  the  mat- 
ter of  insulation  in  a  concrete  wall. 
Mr.  Kinney  says:  "If  the  air  space 
is  not  continuous,  that  is,  if  construc- 
tion is  simply  of  the  hollow  block  or 
tile  type,  then  furring  and  lathing 
will  be  necessary,  especially  where 
climatic  conditions  are  such  that  tem- 
perature range  is  wide."  "  Mr.  New- 
man takes  a  directly  contrary  view. 
He  says:  "Any  system  of  well  made 
block  wall,  at  least  8"  thick  and 
comprising  a  2-in.  air  space  (not 
necessarily  continuous)  may  be  plas- 
tered upon  directly  without  the  use 
of  interior  furring."  Mr.  Hering 
says:  "It  would  not  be  safe  in  dwell- 
ing houses  to  eliminate  this  air 
chamber — consequently  furring  may 
be  omitted  in  the  double  wall  con- 
struction only."  Mr.  Cline  takes  a 
middle  ground:  "In  a  climate  not 
too  cold,  one  can  plaster  directly  on 
the  inside  walls  of  any  good  water- 
proof block  or  tile,  but  where  there 
is  long-continued,  below-freezing 
weather,  the  walls  become  so  cold 
that  any  moisture  in  the  rooms  will 
condense  on  the  walls,  even  where  no 
dampness  can  penetrate  from  tlie 
outside."  Mr.  Harridge  considers 
continuous  air  space  essential.  Mr. 
Knapp  says  the  furring  can  safely 
be  eliminated  and  plaster  applied 
direct  on  the  wall,  providing  the 
block  are  dense  and  well  made  of 
good  material,  and  properly  cured 
and  carefully  laid  up  in  cement  mor- 
tar. 


There  liave  been  differences  of 
opinion  on  this  subject,  from  the  be- 
ginning of  concrete  block  construc- 
tion. Some  of  the  early  differences 
were  undoubtedly  due  to  a  confusion 
of  waterproofing  and  insulating,  yet 
this  can  scarcely  be  the  case  in  the 
discussions  here  presented. 

So  far  as  water  or  dampness  com- 
ing through  the  wall  from  the  out- 
side is  concerned,  the  only  requisite 
is  a  good,  dense  block  well  laid  up 
in  good  cement  mortar.  The  belief 
is  quite  general  that  density  and 
waterproofness  do  not  insure  such 
insulation  as  will  prevent  a  cold 
wall,  resulting  in  condensation  when 
there  is  a  relatively  high  tempera- 
ture with  considerable  moisture  pres- 
ent inside.  We  have  heard  repeated- 
ly of  one-piece  block  walls  plastered 
direct  on  the  inside  giving  perfect 
satisfaction,  mth  no  trouble  from 
condensation  of  interior  moisture. 
These  have  been  regarded  as  excep- 
tions, however,  to  the  rule.  The  imit 
slab  houses  built  at  Forest  Hills 
Gardens  by  the  Sage  Foundation 
Homes  Co.,  under  the  direction  of 
Grosvenor  Atterbury'  are  not  provid- 
ed with  continuous  air  space  for  in- 
sulation. The  wall  slabs  are  tubu- 
lar but  with  webs,  fairly  comparable 
in  extent  to  the  webs  in  one-piece 
hollow  block,  extending  from  outside 
to  inside.  Asked  about  condensa- 
tion, Mr.  Atterbury  said  that  occu- 
pants of  the  houses  frequently  had 
wet  walls  on  "wash  days"  in  cold 
weathfer,  when  'there  was  an  unusual 
amount  of  moisture  inside.  Is  it  not 
quite  likely  that  the  results  depend 
a  great  deal  not  only  upon  the  dif- 
ference in  temperature  outside  and 
inside,  but  also  upon  ventilation?  Is 
it  not  more  than  likeh'  that  in  a 
house  only  fairly  well  built  in  re- 
spect to  wall  insulation,  condensa- 
tion might  not  be  serious,  owing  to  a 
strong  partiality  of  the  occupants  of 
the  house  for  a  great  deal  of  fresh 
air,  and  that  a  "steaming  kitchen" 
where  ventilation  is  not  good  might 
very  quickly  show  up  the  defects  in 
the  walls  with  respect  to  insulation? 

It  has  been  suggested  that  a  "pop- 
corn" concrete,  very  porous,  but 
sealed  outside  with  a  good  stucco 
covering  to  prevent  absorption, 
might  provide  better  insulation  than 
a  dense  wall.  The  difficulty  is  in 
getting  strength  enough  in  such 
concrete  without  a  thickness  of  wall 
which  would  be  prohibitive. 

We  should  like  to  hear  from  more 
builders  who  have  had  experience 
which  they  can  relate  in  detail  as  to 
houses  proving  successful  or  unsuc- 
cessful   when    lacking    a    continuous 


'Description  in  Covcrete-Cement  Age,  Jan., 
1915,   p.   3 
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air  space,  either  in  the  wall  itself  or 
as  provided  by  furring,  for  insula- 
tion. 


As  to  the  possibility  of  making 
use  of  crushed  brick  in  concrete,  The 
Iowa  Engineer  publishes  the  result 
of  tests  to  determine  the  suitability 
of  burnt  clay  wastes  as  coarse  aggre- 
gate for  concrete. 

In  Apr.,  l.Ql-i,  a  few  interesting 
tests  of  the  value  of  the  refuse  burnt 
material  from  an  Iowa  clay  products 
plant  were  made  by  the  Structural 
Section  of  the  Engrg.  Experiment 
Sta.     The  report  continues: 

Two  reinforced  concrete  beams  were 
made,  in  which  the  burnt  clay  was  used 
as  coarse  aggregate  for  one  and  crushed 
limestone  for  the  other.  The  cement  and 
sand  were  the  same  in  both  beams.  Six- 
in.  cube  specimens  for  crushing  tests 
were  poured  with  the  beams. 

Proportions  of  concrete  materials, 
1:2:4  by  vohime. 

The  beams  were  10'  long,  20"  high  and 
10"  wide,  reinforced  1"  above  the  bot- 
tom with  four  •?,s-in.  x  %-in.  corrugated 
bars.  Two  of  the  bars  were  bent  up 
18"  from  each  end.  Two  vertical  stir- 
rups were  also  used  near  each  end.  The 
beams  were  reinforced  to  develop  the 
strength  of  the  concrete  itself. 

The  beams  were  tested  when  28  das. 
old,  on  suj)ports  9'  apart,  under  center 
loading,  failing  under  loads  as  given  be- 
low. Both  beams  failed  by  crushing  near 
the  point  of  application  of  the  load  and 
by  diagonal  tension  in  the  center  half 
of  the  length. 

Burnt  clay  aggregate 65.000  lbs.  totalload 

Crus))ed    stone    aggregate. 47, 500  lbs.  total  load 
Average  strength,  6-in.  cubes     28  das.     38  wks. 

Burst  clay   aggregate ". . .   1,250       3,680 

Crushed    stone    aggregate 860      2,300 

The    physical     characteristics    of    the     two 
coarse    aggregates    were    as    follows : 
Weight   per  cu.    ft Clay 71.0  lbs. 

Stone..  .93.0  lbs. 
Absorption,  lbs.  per  cu.  ft... Clay 5.50  lbs. 

Stone... 2. 83  lbs. 

r.RAXl-I.O.METRIC   ANALYSIS. 

Passing    Sieve 

No.        12  4  8        30         50     100 

Clav     63.1    %  10.57%     .33%     .10% 
Stone   83.86      33.82      9.72      3.6     1.39     1.01     .66 

Although  the  scope  of  the  tests  was 
not  sufficient  to  justify  the  formation 
of  any  conclusion,  still  the  work  is  of 
much  interest,  as  indicating  a  good  use 
for   a  large  amount   of   waste   material. 

It  is  the  intention  of  the  Engrg.  Ex- 
periment Sta.  to  start  a  thorough  inves- 
tigation of  this  and  some  allied  prol)- 
lems  as  soon  as  possible. 


In  regard  to  relative  cost  of  a  re- 
inforced concrete  fireproof  mill  and 
one  with  brick  walls  and  wooden 
floors,  the  former  used  to  cost  about 
1.5%  more,  on  the  average.  As  im- 
proved methods  have  been  developed 
in  the  handling  of  men  and  materi- 
als on  reinforced  concrete,  the  prices 
have  more  nearly  approached  one 
another.  In  a  number  of  cases  they 
meet,  and  in  a  few  cases  the  rein- 
forced concrete  building  is  cheaper 
in  first  cost.  — I..  C.   W'ason. 

[SOS] 


Correspondence  :  a  Department 

in  Which  the  Reader  Becomes  the   Writer         n 


This  is  your  department.  It  is  informal.  Use  it.  This  is  the 
plaeefor  letters  which  have  either  inspiration  or  information  for 
the  ''other fellow.''^  It  is  well  to  remember  that  you  are  usually 
in  his  position.  If  you  are  to  get  the  good  out  of  these  columns^ 
why  not  help  to  make  them  good  ?  Wiite  about  your  work. 
Help  the  Other  ''other fellow.'' 
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OxLY  HorsE  AT  AvEzzANo,  Italy,  Undamaged  by  Earthquake,  Built  of  Coxcrete 
Block 


Only  House   to    With- 
stand Earthquake        ° 

A  Letter  Erom  Oreste  Coari' 

The  accompanying  illustration 
shows  a  house  built  of  concrete  block 
at  Avezzano,  Ital.  It  is  the  only 
house  to  remain  .standing,  undam- 
aged by  the  earthquake  of  Jan.  13, 
1915. 

This  earthquake  was  a  veritable 
explosion.  All  houses  of  the  coun- 
try and  of  the  principal  town,  Avez- 
zano, collapsed.  The  verified  mor- 
tality is  29,973  and  372  municipali- 
ties were  ruined.  In  Avezzano,  a 
town  of  20,000  inhabitants,  the 
houses  were,  for  the  most  })art,  erect- 
ed with  bad  mortar  and  irregular 
calcareous   stones  and  a   few  bricks. 


Oil  for  forms  can  be  made  by 
melting  together  kerosene  and  par- 
affin in  the  proportions  of  ll/^  lbs. 
))araflin  to  10  qts.  kerosene.  This  oil 
is  transparent  and  does  not  discolor 
concrete.  When  the  concrete  is  to 
be  plastered  use  no  oil  and  if  it  is 
])ractical)Ie  use  rough  surfaced  lum- 
ber. 

'Rome.    Italy 


Coloring'  Concrete  Sur- 
faces  While  Finishing" 

A  Letter  From  W.  W.  Berry^ 

As  the  Arizona  sun  is  very  bright 
it  was  desired  that  the  surface  of  the 
concrete  walks  recently  laid  here  be 
as  dark  as  possible.  The  surface 
was  a  1 :2  mixture,  %"  thick.  To  get 
the  necessary  dark  color  it  took  2 
lbs.  of  lamp  black  for  every  25  sq. 
ft. 

By  mixing  the  lamp  black  in  a 
very  little  water  and  then  slowly  ad- 
ding water  much  in  the  manner  that 
a  cook  mixes  cornstarch  flour,  the  re- 
sulting mixture  is  free  from  lumps 
and  about  the  consistency  of  thin 
paint.  Just  before  the  finish  trowel- 
ing the  black  mixture  is  liberally  spat- 
tered ov'er  the  cement  top,  which  is 
immediately  troweled.  The  lamp 
black  makes  the  trowel  slip  well  and 
the  resulting  color  depends  upon  the 
amount  of  the  black  spattered  over 
the  surface.  By  this  method  a  very 
black  surfaco  can  be  obtained  by  the 
use  of  1  lb.  of  lamp  black  for  every 
400  sq.  ft.  to  500  sq.   ft.  of  surface. 


^Fort  Huacluica,  .Ariz. 
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Field  Methods  In  Concrete 
Construction 

(Continued   from   p.   288) 

nailing  strips  or  cleats  on  tlie  sides, 
especially  where  the  studding  is  used 
on  different  floors,  and  the  stories 
vary  in  height.  Such  practice  is  not 
to  be  recommended,  because  it  is  dif- 
ficult to  get  a  good  square  bearing 
where  the  two  pieces  of  the  studding 
abut,  and  often  the  shores  are  dan- 
gerous from  the  fact  that  the  ends  c-f 
the  shores  and  the  piece  used  to 
make  the  extension  do  not  bear 
squarely  and  are  held  from  failure 
by  the  cleats  nailed  on  the  sides. 
Careful  attention  must  be  given  to 
piecing  out  the  shores  when  used  in 
the  construction  of  the  upper  floors 
of  an  exposed  building,  as  a  com- 
bination of  circumstances,  such  as  a 
heavy  wind  storm,  with  the  wet  con- 
crete just  placed,  might  cause  a  fail- 
ure of  the  supports. 

If  the  shores  must  be  spliced,  there 
should  be  cleats  of  1-in.  stuff  nailed 
on  all  four  sides,  though  it  is  usual 
to  find  that  one  of  the  cleats  has  been 
left  off.  Ledger  boards  or  braces 
should  be  used  to  brace  these  splices 
against  possible  failure,  especially 
where  numerous  shores  have  to  be 
spliced. 

WEDGES 

Wedges  should  be  used  to  obtain 
the  correct  adjustment  of  shores,  be- 
ing driven  in  pairs  to  an  even  bear- 
ing. They  should  be  loosened  and 
removed  without  producing  undue 
strains  in  the  floor  system.  In  order 
to  be  easily  accessible  when  adjust- 
ments are  necessary,  wedges  should 
preferably  be  on  the  floor  at  the  bot- 
tom of  the  shores.  The  wedges 
should  be  nailed  after  leveling  up 
forms  so  that  there  will  be  no  slip- 
ping, or  the  wedges  may  be  made 
sharp  and  thin  enough  to  stick  with- 
out being  tacked.  The  outside  sur- 
faces of  any  two  wedges  should  be 
parallel  and  cut  from  2-in.  x  4-in. 
scantling. 

FOOTINGS   FOR    SHORES 

Form  work  for  a  reinforced  con- 
crete floor  is  so  carelessly  construct- 
ed at  times  that  the  ends  of  the 
shores  rest  upon  comparatively  green 
concrete  or  soft  ground  or  on  a  tile 
floor  in  such  a  manner  as  to  allow 
the  beams  and  girders  to  sag  under 
the  weight  of  the  wet  concrete.  If 
the  shores  are  not  properly  support- 
ed, they  are  sure  to  be  pushed  into 
the  green  concrete,  into  the  ground, 
or  to  break  the  tile,  causing  a  sag  and 
possible  cracks  in  beams  and  floor 
slabs.  The  concrete  sets  with  this 
sag  in  the  beam  and  slab  members, 
and  the  entire  floor  system  looks  as 
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if  it  were  greatly  deflected. 

No  shoring  should  be  erected  over 
soft  ground  or  concrete  less  than  a 
week  old  (never  over  tile  floors)  with- 
out a  footing  block  of  at  least  3-in.  x 
10-in.  plank,  3'  lon^  for  ordinary 
soil,  while  for  soft  soil,  several 
planks  should  be  crossed,  in  order  to 
get  suffici'ent  support  to  prevent  set- 
tling under  the  weight  of  the  con- 
crete. 

CAPS   FOR   SHORES 

The  shores  should  be  properly  cap- 
ped with  plank  or  scantling  to  dis- 
tribute the  pressure,  especially  where 
the  shores  are  used  to  support  floor 
slabs  or  beams  after  the  forms  have 
been  removed. 

COVERING    SLAB    FORMS   WITH    PAPER 

The  use  of  resin-sized  sheathing 
paper  lapped  V  at  joists  and  tacked 
in  place  for  forms  under  floor  slabs 
needs  constant  attention  in  order  to 
secure  satisfactory  results.  It  it 
somewhat  difficult  to  keep  the  paper 
absolutely  smooth,  so  that  the  final 
surface  does  not  show  wrinkles.  The 
paper  is  easily  torn  in  placing  rein- 
forcement and  in  shifting  the  forms, 
requiring  much  patching.  Unless 
the  paper  is  very  oily  it  will  adhere 
to  the  concrete,  necessitating  that  it 
be  burned  off  so  as  to  effect  its  re- 
moval, as  a  thorough  soaking  very 
seldom  removes  the  paper  entirely. 


Eighteenth  Annual  Meeting 
of  American  Society  for  Test- 
ing Materials 

The  18th  annual  meeting  of  the 
Am.  Soc.  for  Test.  Mat.  will  be  held 
at  Hotel  Traymore,  Atlantic  City, 
N.  J.,  June  22-26,  1915. 

Thursday,  June  24,  is  given  up  to 
papers  on  testing  apparatus  and  to 
reports  and  papers  on  cement  and 
concrete  as  follows: 

ON    CEMENT    AND    CONCRETE 

Report  of  Committee  C-1:  On  Stand- 
ard Specifications  for  Cement.  G.  F. 
Swain,  Chairman. 

Report  of  Committee  C-9:  On  Stand- 
ard Tests  of  Concrete  and  Concrete  Ag- 
gregates.    S.  E.   Thompson,  Chairman. 

Microstructure  of  Concretes.  N.  C. 
Johnson. 

The  Effect  of  Finer  Grinding  and  a 
Higher  SO3  Content  upon  the  Physical 
Properties  of  Portland  Cement.  P.  H. 
Bates. 

An  Investigation  of  the  Strength  and 
Elastic  Properties  of  Concrete-Filled 
Pipe  Columns.  A.  F.  Holmes  and  F.  W. 
Swain. 

Some  Abrasive  Tests  on  Portland  Ce- 
ment Mortars  to  Select  Aggregates  and 
Mixes  for  Concrete  Highways.  H.  S. 
Mattimore. 

Method  of  Weight-Volumetric  Propor- 
tioning of  Concrete  Aggregates  in  Test- 
ing.    J.  A.  Kitts. 


Orfranizations      ° 


American  Concrete  lastitute,  Charles 
L.  Fish,  Secretary,  Harrison  Building, 
Philadelphia,  Pa. 

American  Concrete  Pipe  Association, 
Secretary,  E.  S.  Hanson,  538  S.  Clark 
St.,   Chicago. 

American  Highway  Association,  I,  S. 
Pennybacker,  Jr.,  fLxecutive  Secretary; 
Colorado  Bldg.,  Wasliington,  D.  C. 

American  Road  Builders'  Association, 
Secretary,  E.  L.  Powers,  150  Nassau  St., 
NT.  Y.  C. 

Association  of  American  Portland  Ce- 
ment Manufacturers,  Percy  H.  Wilson, 
Secretary,  Bellevue  Court  Building, 
Philadelphia,  Pa. 

Cement  Products  Exhibition  Co.,  209 
S.  LaSalle  St.,  Chicago,  111.;  Robt.  F. 
Hall,  Secy.,  Chicago  Cement  Show,  Coli- 
seum and  Light  Infantrv  Armory,  Feb. 
12-19,  1916. 

Iowa  Association  of  Cement  Users,  Sec- 
retary, H.  H.  Dean,  Glenwood,  la. 

Mid  West  Cement  Users'  Association, 
Secy.-Treas.,  Frank  Whipperman,  Omaha, 
Neb. 


Neto  Officers  of  Cement 
Products  Exhibition  Co. 

A  changed  personnel  constitutes 
the  new  administration  of  the  Cement 
Products  Exhibition  Co.  At  the  an- 
nual meeting  of  the  stockholders, 
May  11.  directors  were  elected  as 
follows:  B.  F.  Affleck,  J.  P.  Beck,  W. 
E.  Cobean,  \Vm.  Dickinson,  A.  Y. 
Gowen,  Edward  M.  Hagar.  Robt.  F. 
Hall.  D.  McCool  and  J.  U.  C.  Mc- 
Daniel. 

The  new  officers  are:  B.  F.  Afileck, 
president,  succeeding  Edward  M. 
Hagar;  A.  Y.  Gowen,  vice-president; 
Robert  F.  Hall,  secretary,  and  J.  U. 
C.  McDaniel.  treasurer. 


The  Portland  Concrete  Co.,  Port- 
land, N.  Y..  for  a  number  of  years 
has  been  manufacturing  cement 
porch  boxes  in  quite  a  large  way. 
It  is  interesting  to  know  that  the 
business  has  grown  to  such  propor- 
tions that  a  new  company  is  to  be 
formed,  known  as  the  Lake  Erie 
Porch  Box  Co..  with  a  capital  of 
$50,000,  to  carry  on  the  enlarged 
business.  This  is  another  illustra- 
tion of  one  of  the  many  uses  of  ce- 
ment and  how  the  industry  grows 
apace  in  every  direction. 
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Paints  to  Prevent  Electrolysis 
in  Concrete  Structure^ 

The  use  of  a  paint  as  a  protective 
covering  for  reinforcing  steel  against 
damage  by  electrolysis  has  often 
been  proposed  but  the  writer  is  aware 
of  no  tests  having  been  made  to  de- 
termine a  type  of  coating  best  adapt- 
ed for  this  purpose. 

Paints  having  a  high  insulating 
value  are  generally  those  drj^ing  with 
a  high  gloss,  wliich  is  apt  to  prevent 
proper  bonding,  a  fact  which  has  un- 
doubtedly prevented  a  general  use 
of  this  protection.  A  method  for 
overcoming  this  objectionable  feat- 
ure was  developed  by  tliese  exjjeri- 
ments. 

Corrosion  Causes — It  may  be  well 
to  review  briefly  the  causes  of  cor- 
rosion in  reinforcing  steel  for  the 
benefit  of  those  not  thoroughly  famil- 
iar with  the  subject. 

The  ordinary  forms  of  iron  cor- 
rosion have  been  found  to  be  due  to 
auto-electrolysis,  the  presence  of 
segregated  imjnirities  being  respon- 
sible for  differences  in  potential  at 
certain  areas,  which  set  up  galvanic 
action  and  cause  solution  and  the  for- 
mation of  rust  at  the  positive  nodes. 
A  similar  but  more  rapid  action  takes 
place  when  an  electric  current  is 
passed  tlirough  an  iron  anode  im- 
mersed in  an  electrolyte,  such,  for 
instance,  as  salt  water.  When  damp 
cement  contains  an  embedded  iron 
anode  the  cement  acts  as  an  electro- 
lyte, and  the  same  rusting  action 
takes  place,  regardless  of  the  fact 
that  concrete  contains  sufficient  lime 
to  inhibit  corrosion  when  no  electri- 
cal currents  are  present.  "With  the 
electrolytic  change  of  metal  into  ox- 
ide comes  an  increase  in  volume  of 
the  products  of  reaction,  and  there  is 
developed  an  enormous  expansive 
force  of  mechanical  pressure,  which 
is  sufficient  to  crack  the  strongest 
forms  of  concrete. 

Engineers  are  active  in  tlieir  en- 
deavors to  prevent  higli  voltage  cur- 
rents from  running  wild,  but  this  fact 
does  not  justify  a  disregard  of  pre- 
cautions against  stray  currents. 

Preparation  of  Specimen  and 
Methods  of  Testing — The  tests  were 
made  on  two  series  of  specimens  as 
follows : 

1.  Rods  IV'  X  12",  painted  two 
coats  and  embedded  in  concrete  cyl- 
inders. 

2.  Rods  YV  X  12",  embedded  as 
anodes  in  cylinders  of  concrete. 

All  cylinders  were  SV-/'  x  8"  of 
cement  mortar  1  :2.     The  molds  were 


'Abstract  of  a  paper  by  Henry  A.  Gardner, 
Asst.  Dir.,  Inst,  of  Industrial  iiesearch, 
Washington,   D.   C. 
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Fig.   1 — Typical  Specijiexs  of  Series  I 
Fig.  2 — ^TypiCAL  Specimexs  of  Series  II 

removed  in  2  das.  and  the  c^'linders 
aged  for  1  mo. 

Tests  on  Series  1  were  made  by 
immersing  the  lower  2"  of  the  sj^eci- 
mens  in  water,  connecting  them  in 
parallel  and  passing  through  them  a 
direct  current  at  30  v. 

Observations  were  made  for  1  wk., 
when  small  cracks  began  to  show 
near  the  bottom  on  a  few  specimens. 

The  specimens  were  then  immersed 
to  within  1"  of  the  cylinder  tops, 
the  current  turned  on,  and  observed 
for  10  das.  Cracking  was  shown  by 
every  cylinder  carrying  an  appreci- 
able amount  of  current,  the  fracture 
starting  at  the  anode. 

Wherever  the  protecting  film  broke 
down  the  increased  ])assage  of  cur- 
rent resulted  in  rapid  corrosion  of 
the  steel,  followed  by  the  expansion 
and  bursting  of  the  concrete  cylin- 
der. 

Series  2  were  tested  by  placing 
them  in  individual  earthen  jars  con- 
taining sheet  iron  cathodes  coiled 
around  but  not  touching  the  cylin- 
ders. The  jars  were  filled  with 
water  to  within  1"  of  the  top  of  the 
concrete. 

The  cylinders  were  connected  in 
Series  1  and  current  passed  at  30  v. 
for  21'0  hrs.,  when  seven  specimens 
developed  cracks.  The  voltage  was 
increased  to  55  v.  and  continued  for 
60   hrs. 

Observations  on  Tests  —  In  the 
specimens  in  which  cracking  occurred 
the  anodes  showed  considerable  rust, 
the  paint  coatings  Iiaving  been 
broken    down.      On    the    cathodes    in 


Series  1  the  paint  coatings  were  still 
intact,  although  some  had  apparently 
been  affected  by  moisture  and  the 
hydrated  lime  in  the  wet  concrete, 
chalky  surfaces  being  shown. 

The  coatings  on  anode  and  cath- 
ode bars  which  were  embedded  in 
cylinders  which  did  not  crack  and 
which  carried  little  current  were  in 
a  good  state  of  preservation. 

Bonding  Tests — In  order  to  de- 
termine the  comparative  bonding 
strength  of  rods  coated  with  the 
various  j^aints  a  dujjlicate  of  Series 
2  was  made  with  the  exception  that 
the  rods  were  placed  flush  with  the 
bottom  of  each  cylinder.  At  3  wks. 
the  specimens  were  placed  on  an  iron 
block  drilled  with  a  1-in.  hole  and 
tested  in  a  Richie"  testing  machine. 
Some  paints  that  proved  to  be  good 
insulators  failed  to  show  bonding 
strength  and  vice  versa.  W^hen  paint- 
ing rods  in  order  to  overcome  the 
objection  to  using  joaints  which  dry 
to  a  gloss  surface  and  prevent  prop- 
er bonding,  these  coatings  were  dust- 
ed while  tacky  (not  wet)  with  sharp 
particles  of  sand,  which  formed  a 
rough  surface,  assuring  a  good  bond. 
The  corrosion  of  metal  embedded  in 
concrete  structures,  by  stray  cur- 
rents of  high  voltage,  is  often  pro- 
ductive of  serious  effects.  The  use 
of  properly  made  paints  upon  such 
metal  constitutes  a  safeguard  that 
should  not  be  neglected  by  the  engi- 
neer. Such  paints  may  be  prepared 
from  the  following  substances: 

The  vehicle  should  contain: 

Boiled  or  bodied  oils  or  products 
which  dry  to  a  fairly  saturated  film. 

Oils  which  dry  by  semi-polymer- 
ization rather  than  oxidation. 

Oils  which  dry  to  a  flat  rather 
than  a  highly  glossed  surface. 

The  solid  portion  should  contain  a 
percentage  of: 

Pigments  which  are  coarse  and 
which,  therefore,  tend  to  form  films 
having  a  rough  surface. 

Pigments  which  are  inert  and 
which  do  not  act  as  conductors  of 
electricity. 

Pigments  which  are  cither  basic  or 
of  the  chromate   type. 

The  painted  metal  should  be 
"sanded"  if  possible. 


Even  high  school  students  arc  not 
exemjit  from  lectures  on  Portland 
cement.  Out  at  Phoenix,  Arizona, 
the  other  day  the  ])upils  of  the  Glen- 
dale  High  School  learned  all  about 
the  manufacture  of  this  important 
engineering  commodity  when  Lind- 
ley  C.  Morton,  representative  of  the 
Southwestern  Portland  Cement  Co., 
addressed  them  on  the  subject. 


^Riehle  Cement  Testing  Machine  Co.,  Phila- 
delphia ' 
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New  Equipment,   Methods  and  Materials : 

New  Tools  with  Which  the  Industry  Works  n  n 


This  magazine  will  not  publish  ''reading  notices/'  so-called,  for  the  benefit  of  advertisers. 
These  pages  are  edited  for  the  Reader,  as  are  all  other  pages  in  ''Concrete/'  Manufacturen 
are  constantly  producing  new  and  better  methods  and  developing  old  methods,  materials  and 
machines.  The  progress  of  the  concrete  field  is  measured  by  the  development  of  its  tools.  All 
developments  along  these  lines  are  of  real  interest  and  importance  to  men  who  want  to  im- 
prove the  quality  of  their  work,  decrease  its  cost,  increase  its  quantity.  This  department  is 
for  just  that  kirid  of  Editorial  material.  We,  therefore,  welcome  detailed  announcements 
which  will  be  of  practical  value  to  Readers.  Under  no  circumstances  will  this  magazine  pub- 
lish any  aniiouncement  simply  because  an  advertiser  asks  it,  nor  refuse  publication  because  a 
non-advertiser  asks  it.  Material  must  carry  information  of  real  consequence  to  the  reader.  All 
material  will  be  edited  on  that  basis  regardless  of  the  source  from  which  it  comes. — The 
Editors. 


Hinman  Bar  Benders 

One  who  has  had  occasion  to 
bend  a  few  bars  ifor  reinforcingf 
purposes  by  methods  extemporized 
in  the  field  and  who  is  confronted 
with  a  job  requiring  the  bending  of 
a   considerable  number   of   rods   will 


Hinman   Bar  Bender 

appreciate  the  compact  piece  of 
equipment  illustrated.  This  tool  is 
one  of  the  Hinman'  family  known 
-as  No.  3,  it  will  bend  bars  up  to 
^Ya"  cold.  Other  numbers  of  the 
same  family  will  meet  demands  for 
other  work. 


A  New  Stucco  Base 

Many  stucco  troubles  are  caused 
by  the  lack  of  a  proper  "clinch,"  al- 
lowing the  metal  to  rust.  This  is 
particularly  true  where  the  metal  is 
in  contact  with  wood. 

As  shown  by  the  cut  this  new 
fabric,  E-Cod,^  is  an  innovation  as 
it    consists    of    a    large,    loose    wire 


'D.  A.  Hinman  &  Co.,  Sandwich,  111. 
^E.  D.  Coddington  Mfg:.  Co.,  North  Milwau- 
Tcee,   Wis. 

June,  1915 


E-CoD  Fabric  for  Stucco 

mesh,  interwoven  with  waterproof 
felt.  When  applying  the  mortar  the 
felt  is  pushed  away,  leaving  the 
wire  well  embedded.  The  comijar- 
atively  large  section  of  the  steel  is 
an  important  factor  in  the  perman- 
ence of  the  stucco,  while  the  water- 
proof felt  gives  a  valuable  addition- 
al damp-proofing  and  insulation 
aside  from  its  function  as  a  plaster 
base.  It  is  claimed  that  the  use  of 
this  material  is  very  economical  as 
it  prevents  waste  of  mortar  and  is 
applied  very  rapidly. 


A  New  Preparation  for  Se- 
curing Dustless  Concrete 
Floors 

It  is  recognized  as  a  fact  that 
concrete  floors  can  be  so  carefully 
laid  as  to  avoid  the  dusting  that  is 
so  often  a  disagreeable  feature. 
Freedom  from  dusting  is  to  be  se- 
cured by  very  careful  selection  of 
aggregates    and    by    special    care    in 


mixing,  placing  and  curing  the  con- 
crete. It  is  often  the  case,  however, 
that  some  of  these  conditions  can 
not  be  controlled  and  special  surface 
treatment  of  the  floor  is  necessary  to 
secure  a  satisfactory  wearing  sur- 
face. 

Many  preparations  have  been  de- 
veloped for  treating  floor  surfaces, 
one  of  which  is  known  to  the  trade 
as  Dustite.^ 

This  material  is  not  a  paint  but 
comes  to  the  user  in  the  form  of 
two  powders,  A  and  B,  which  are 
both  mixed  with  warm  water  and  ap- 
plied to  the  floor  alternately.  A 
chemical  reaction  takes  place,  result- 
ing in  a  surface  said  not  to  be  sol- 
uble in  water,  oils  or  acids,  and  if 
necessary  the  floor  can  be  in  use 
while  being  treated. 

The  makers  point  out  that  a  con- 
crete floor  with  large,  rough  voids 
is  better  for  treatment  with  Dustite 
than  an  extremely  fine  surface,  as 
this  coating  fills  voids  in  the  con- 
crete with  a  plastic  material. 

Dustite  is  easily  and  quickly  ap- 
plied with  mop  or  brush  in  alternate 
coats  of  A  and  B  until  the  floor  is 
filled. 

After  the  reaction  has  taken  place 
the  excess  Dustite  can  be  removed 
with  a  mop  and  warm  water.  This 
material  does  not  come  in  colors  but 
leaves  the  floor  in  its  natural  appear- 
ance. The  treatment  is  said  to  be 
exceptionally  low  in  cost  and  so  sim- 
ple as  to  be  handled  by  inexpensive 
labor. 


^The  Dustite  Co..  Chicaso 
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The   Addy   Bar  Spacer   and 
Supporter 

The  Addy  bar  spacer  and  sup- 
porter' is  a  \\or\\t  wire  device  for  ac- 
curately spacing  and  supporting  bars 
in  floor  slabs. 

The  illustration  indicates  that  this 
spacer  can  be  quickly  placed  and 
that  it  will  prove  economical  in  use. 

It  would  seem  to  be  valuable  as  a 
light  transverse  reinforcement. 


Method  of  Usixg  the  Addy  Spacer 


The  Efficiency  Bar  Bender 

A  low-priced  bar  bender  with  a 
capacity  up  to  li/4-in.  cold  bars  and 
yet  so  compact  and  light  as  to  be 
carried  in  the  small  job  locker  is  an 
attractive   proposition. 

The  illustration  shows  such  a 
piece  of  equipment  known  as  the 
Efficiency  bar  bender.'  This  ma- 
chine will  bend  plain,  round,  square, 


Efficiexcy  Bar  Bexder 

deformed  or  square  twisted  bars  to 
any  angle.  It  will  also  bend  hooks 
on  the  ends  of  bars  for  anchorage. 

It  is  constructed  entirely  of  steel, 
and  weighs  about  70  lbs.  The  lever 
used  is  a  piece  of  ordinary  2-in.  pipe 
which  is  easily  removed.  This  form 
of  lever  permits  the  easy  use  of  dif- 
ferent lengths  suited  to  the  work  in 
hand. 


A  New  Portable  Stone 
Crusher 

A  portable  crushing  rig  that  will 
make  a  strong  appeal  to  the  con- 
tractor who  is  not  fortunately  situ- 
ated    with    respect    to    gravel     and 

'Lewis  N.  Lukens,  Philadelphia 
'Electric  Welding  Co.,  Pittsburgh 
[S12] 


crushed  stone  supply  is  shown  in  the 
accompanying    illustration. 

Such  equipment  will  often  effect 
economy  over  hauling  materials  and 
not  infrequently  dispose  of  stone 
that  it  is  desirable  to  get  out  of  the 
wa}'.  This  machine  is  known  as  the 
No.  7  Contractor's  Portable  Crush- 
ing Rig'  and  consists  of  a  No.  7  Tel- 
smith  Jaw  Crusher  with  an  opening 
7"  X  10"  having  a  capacity  of  2i/^ 
tons  per  hr.  of  l/2-in.  size,  of  3  tons 
to  4  tons  per  hr.  of  ll/^-in.  size. 

The  elevator  is  of  the  single  chain 
type  and  has  a  folding  section  at  the 
top.  to  reduce  the  headroom  required. 

The  standard  rig  is  equipped  with 
a  chute  screen.  Perforations  are 
made  to  suit.  If  preferred,  the  rig 
is  furnished  with  a  rotary  screen. 

This  equipment  is  finished  with 
a  flat  bottom  portable  bin  with  four 
bin  gates,  available  capacity  of  five 
tons.  Gravity  ca})acity  is  about  3 
tons. 

The  crusher  is  driven  by  a  12-h.p. 
double-opposed-cylinder  engine. 

The  whole  rig  is  mounted  on  an 
all-steel  truck,  with  8-in.  channel 
sills,  strongly  braced. 

This  equipment  weighs  about 
9,000  lbs.  A  rotary  screen  will  add 
about  400  lbs.  more.  Two  horses 
will  move  it  on  a  paved  street,  and 
four  horses  will  probably  take  it 
anywhere  it  is  likely  to  be  used. 


A  Chain  Clamp  for  Column 

Forms 

The  accompanying  illustrations 
show  the  D-C  chain  column  clamp,' 
which  can  be  applied  directly  to 
round  or  octagonal  column  forms. 
When    applied     to     square    columns 


tCLAHP  LEVtP 


CllWr'  U"«  "OCKITT 


CHAIN  UNKIWKIT 
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Link-Belt  Electric  Hoist,  Bulletin  No. 
207.  Link-Belt  Co.,  Chicago,  paper,  6" 
X  9",  4  pp.,  illust.  This  foider  discusses 
the  advantages  of  the  Link-Belt  electric 
hoist,  emphasizing  such  features  as  small 
sibility  to  all  parts,  etc. 


The  D-C  Chaix  Columk  Clamp 


^Olney  J.  Dean  &  Co.,  Chicago 


Tei.s.mith  Poktabi.e  Crushing  Hk 
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short  pieces  of  2-in.  plank  can  be 
placed  around  the  form  as  shown  and 
re-used  on  the  next  column.  Clamps 
are  usually  supplied  in  8-ft.  and  10- 
ft.  lengths  and  will  fit  with  equal 
readiness  any  shape  and  size  of  col- 
umn. 

The  swivel  link  between  the  lever 
and  the  chain  prevents  twisting  of 
the  latter.  The  clamp  is  placed 
•without  wedges,  the  use  of  which 
makes  it  difficult  to  tighten  the  clamp 
without  forcing  it  out  of  place.  A 
"take  up"  of  over  3"  is  obtained  in 
the  chain,  and  the  leverage  obtained 
is  amply  strong  to  hold  the  largest 
column  form  securely.  Any  amount 
of  leverage  can  be  obtained  by  plac- 
ing lengths  of  pipe  over  the  clamp 
lever.  To  remove  the  clamp,  force 
out  the  lever,  thus  causing  the  clamp 
to  fall  to  the  ground. 


The  Plymouth  Gasoline 
Locomotive 

In  handling  concrete  material  as 
well  as  in  the  problems  of  handling 
excavated  material  and  grading,  a 
narrow-gauge  railway  is  often  the 
most  economical  equipment.  A  loco- 
motive that  is  adapted  to  this  work, 
with  gasoline  as  its  motive  power, 
giving  to  it  instant  readiness  for  ac- 
tion and  low  operating  cost,  is  a 
unique  and  practical  answer  to  this 
problem.  The  illustration  shows  the 
Plymouth  locomotive'  hauling  10 
cars  containing  from  ll/o  yds.  to  2 
yds.  each  of  clay  and  stone,  and 
above,  hauling  a  clay  car  with  1^4, 
yds.  of  clay  up  a  10%  grade,  150' 
long. 

This  is  a  2^-ton  to  3-ton  locomo- 
tive, made  in  24-in.,  30-in.  and  SQ- 
in.  and  standard  gauges.  It  will 
handle  a  load  of  30  tons  on  the  level 
and  is  also  powerful  on  heavy 
grades. 


^J.  D.  Fate  Co.,   Plymouth,  Ohio 


The  engine  is  a  Continental,  Mod- 
el N,  3y2-in.  bore,  5-in.  stroke,  4- 
cylinder  water-cooled  gasoline  en- 
gine, rated  at  34  h.p.  at  2,000  r.p.m. 
The  machine  is  simple  and  can  be 
operated  by  inexpensive  labor.  A 
unique  attachment  is  a  device  for 
automatic  control  of  the  gasoline 
feed;  it  adjusts  the  mixture  to  the 
work  the  engine  is  doing,  effecting 
a  saving  in  gasoline.  Contractors, 
as  well  as  manufacturers  having 
plants  requiring  the  hauling  of  bulk 
materials,  are  finding  this  equipment 
satisfactory  and  economical. 


Revolving  Screens  for  Sand, 
Gravel  and  Crushed  Stone 

The  accompanying  illustrations 
show  two  new  types  of  Hesse-Martin 
revolving  screens,'  which  are  so  con- 
structed that  the  inside  is  entirely 
unobstructed  by  shaft  or  spiders. 
The  screens  are  set  up  at  an  angle 
of  approximately  15°  and  revolve  at 
a  speed  of  from  10  r.  p.  m.  to  20  r. 
p.  m.,  according  to  size. 

The  drive  is  effected  at  the  lower 
end,  by  means  of  a  set  of  bevel  gears, 
and  the  rotary  motion  is  transmitted 


Fig.  1 — Revolving  Screen  Used  for  Crushed  Rock 
Fig.  2 — Revolving  Screen  Used  for  Sand  and  Gbavei 
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by  means  of  four  steel  channels.  The 
upper  end  has  securely  fastened  to 
these  channels  the  head,  which  con- 
sists of  a  heavy  ring  provided  with  a 
hardened  bearing  rim  which  runs  on 
two  chilled  rollers. 

The  entire  structure  presents  a 
rigid  cylindrical  beam  supported  at 
both  ends.  The  bearings,  while  of 
simple  construction,  are  generous  in 
proportion,  having  sufficient  means  of 
lubrication  and  are  well  protected 
from  dust.  The  main  and  the  coun- 
tershaft bearings  are  mounted  on  the 
same  sole  plate,  permitting  easy  ad- 
justment of  the  bevel  gears  and  yet 
forming  a  rigid  angle  box. 

Any  section  of  the  screen. may  be 
readily  taken  out  and  replaced. 

The  screen  shown  in  Fig.  1,  hav- 
ing a  lining  of  perforated  plate  steel, 
is  used  mostly  for  crushed  rock, 
while  gravel  is  preferably  treated  by 
means  of  the  screen  shown  in  Fig.  2, 


^Hesse-Martin   Iron  Wks.,   400   Belmont  St., 
Portland,  Ore. 
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which  has  a  covering  of  heavy  wire 
mesh. 

The  capacity  of  either  screen  may 
be  materially  increased  by  means  of 
a  dust  jacket  around  the  first  section, 
which  is  not  shown  'in  the  illustra- 
tion. 


New  Light  Standard 

There  is  nothing  particularly  r.cw 
in  the  mold  for  the  light  standard 
shown  in  the  accompanying  illustra- 
tion, except  the  architectural  quality. 
There  has  been  a  gradual  change,  in 
most  cases  for  the  better,  in  so-called 
architectural  molds — standard  metal 
molds  for  making  ornamental  spe- 
cialties. This  illustration  comes 
from  George  W.  Edgcumbe^  who 
markets  the  molds  and  manufactures 
the  standards  "as  well.  Details  of 
some  of  his  practice  in  making  light- 
ing standards  will  be  of  value  to 
other  producers. 
He  says: 

I   usually  make  the 

standard       illustrated 

with    mica    spar^    and 
white     cement,     using 

various    sizes    of    the 

facing  to  make  a  solid 

mass,    and    wetting    it 

to    a     damp    mixture. 

This     is     thoroughly 

tamped  into  the  shaft 

mold,    taking    great 

care  in  tamping  so  as 

to     give     a      uniform 

solid   surface    the   full 

length     of     the     post. 

This    is    accomplished 

by  putting  in  a  small 

amount     o  f     concrete 

and  thoroughly  tamp- 
ing, otlierwise  there  is 

great   danger   of   hav- 
ing it  show  in  layers. 

We  use  either  a  4-in. 

galvanized     pipe     or 

boiler    tubing    for    the 

core,      providing      the 

space   for  the  conduit 

for    the    wiring.      The 

service     box     in     the 

base    of    the    pedestal 

is    cast    in    the    mold, 

giving      ample      room 

for   necessary   electri- 
cal connections. 

It    is    necessary    to 

leave    the    product    in 

the    mold    for    24   hrs. 

Then     we     remove     it, 

and  let  the  post  stand 

for  a  day,  after  which 

time  we   wash   it   with 

a     weak     solution     of 

muriatic     acid      and 

water,  which  gives  a  good  granite  effect 

which  weathers  well. 

When   the   base  is  set  in   the   footings, 

we    use    1-in.    or    1%-in.    conduit    which 

bolts   into  the  service  box,  then   pour   in 

the   slush   concrete   from   the   top   of  the 

shaft,    which    makes   a    solid    mass    from 

top  to  bottom.     In  making  the  pedestal, 

'Benton    Harbor,   Mich. 

»Crown  Point  Spar  Co.,  N.  Y.  C. 

[314] 


we  usually  ca.st  in  three  V'a'i"-  or  %-in. 
rods,  letting  them  project  about  12".  In 
casting  the  footings  or  base  for  the  post, 
we  cast  in  three  2-in.  pipes  which  we  fill 
with  slush  concrete  when  setting  the  pro- 
jecting rods  of  the  pedestal  into  the 
j)ipes  in  the  base.  This  anchors  the 
pedestal  to  the  base  very  solidly. 

These  standards  require  no  up-keep, 
are  anchored  to  the  sidewalk  or  footings 
better  than  it  is  ordinarily  possible  to 
anchor  an  iron  post,  and  from  an  econ- 
omical standpoint  they  are  about  50% 
cheaper  than  iron  posts  based  on  the 
same  size  and  design.  From  an  artistic 
standpoint  there  is  no  comparison. 


Current  Prices  —  Con- 
crete Materials  d 


Portland  Cement — The  present  condi- 
tion of  the  cement  market  is  the  dullest 
experienced  in  the  past  four  years.  The 
indication  is,  however,  that  the  market 
will  pick  up  shortly,  this  being  based  on 
the  increased  numlier  of  jobs  out  for 
estimating.  In  the  Pacific  Coast  terri- 
tory the  market  is  dull  in  all  lines  but 
with  a  little  better  inquiry  than  six 
months  ago.  Prices  given  are  f.  o.  b. 
cars  at  points  named,  dncluding  cloth 
sacks,  for  which,  in  general,  40  cts.  per 
bbl.  (4  sacks  is  refunded  on  return  in 
good  condition.  Prices  per  bbl.  (includ- 
ing 4  cloth  sacks)  are  as  follows:  Bos- 
ton, .$1.46;  New  York,  .$1.22;  Chicago, 
$1.4G  to  .$1.55;  Pittsburgh,  $1.46;  New 
Orleans,  $1.58  on  dock;  Memphis,  $1.75; 
Cleveland,  .$1.54;  Detroit,  $1.55  to  .$1.65; 
Indiaiia])olis,  $1.58;  Columbus,  .$1.58; 
Cincinnati,  $1.59;  Toledo,  $1.59;  St.  Louis, 
$1.46;  Milwaukee,  $1.58  to  $1.63;  Min- 
neapolis and  St.  Paul,  .$1.67  to  $1.73; 
Duluth,  $1.82;  Kansas  Citv,  $1.48;  Oma- 
ha, $1.48;  Spokane,  $1.75;"  Seattle,  .$2.20; 
Portland,  Ore.,  $2.20;  Tacoina,  $2.20. 

Crushed  Stone — lV2-in.  stone,  prices  per 
cu.  yd.,  f.o.b.  cars  in  carload  lots,  unless 
otherwise  specified.  Boston,  80  cts.  per 
ton  at  the  quarry;  New  York,  95  cts.  in 
full  cargo  lots  at  the  docks;  Chicago, 
.$1.15;  Spokane,  .$1.15;  Portland,  Ore., 
$1.30;  Seattle,  $1.65. 

Gravel — Prices  given  are  per  cu.  yd. 
f.o.b.  cars  in  carload  lots  unless  other- 
wise noted.  New  York,  80  cts.  in  full 
cargo  lots  at  docks;  Chicago,  $1.15;  Spo- 
kane, $1.00;  Portland,  Ore.,  85  cts.;  Se- 
attle, 75  cts.;  Tacoma,  75  cts. 

Sand — Prices  are  per  cu.  yd.  f.o.b 
cars  in  carload  lots  unless  otherwise  in- 
dicated. New  York,  50  cts.,  full  cargo 
lots  at  docks;  Chicago,  $1.15;  Spokane, 
75  cts.;  Seattle,  75  cts.;  Portland,  Ore., 
85  cts.;  Tacoma,  75  cts. 

Reinforcing  Bars — The  bar  market  is 
normally  active  in  New  York,  Chicago 
and  St.  I>ouis,  while  the  mills  in  .San 
Francisco  are  operating  on  a  limited 
scale,  business  being  spasmodic.  June 
deliveries  will  be  made  on  a  basis  of 
$1.20  per  cwt.,  Pittsburgh,  with  prevail- 
ing extras  for  bars  under  %"  or  base. 
The  following  are  quotations  on  base  bars 
per  100  lbs.,  for  mill  shipments  from 
other  points,  f.  o.  b.  cars:  New  York, 
$1..369;  Philadelphia,  $1.3.59;  Chicago, 
$1,389;  Spokane,  $2.05;  Portland,  Ore., 
$1.80;  Seattle,  $1.85;  Tacoma,  $1.85;  San 
Francisco,  .$1.70. 

Shipments  from  stock  are  being  made 
at  the  following  prices  per  cwt.  f.o.b. 
cars:  Pittsburgh,  $1.65;  New  York,  $1.85; 
Philadelphia,  $1.70;  Cleveland,  $1.80;  St. 


I.ouis,  $1.80;  Chicago,  $1.85;  Spokane^ 
.$2.25;  Portland,  Ore.,  $2.15;  Tacoma, 
$2.15;  Seattle,  $2.15;  San  Francisco,  $1.70. 

Metal  Clips  for  Supporting  Bars — $4.50 
to  $6.50  per  1,000,  depending  on  size. 

For  the  majority  of  the  prices  given 
we  are  indebted  to  the  Universal  Port- 
land Cement  Co.,  Sandusky  Portland 
Cement  Co.,  Concrete  Steel  Co.,  Ameri- 
can Sand  &  Gravel  Co.,  Chicago,  and 
F.  T.  Crowe  &  Co.,  Seattle,  Portland, 
Spokane  and  Tacoma. 

Reinforcing  bars  for  mill  shipments  are 
in  general  sold  on  a  Pittsburgh  basis; 
this  is,  at  the  Pittsburgh  quotation  plus 
the  freight  to  the  point  in  question,  and 
with  the  following  list  of  freight  rates 
on  finished  material  and  the  Pittsburgh 
quotation  given,  the  price  of  bars  at  any 
of  the  points  listed  can  be  readily  com- 
puted.    (Note  increase  in  Freight  Rates.) 

From  Pittsburgh,  carloads,  per  100  lbs. 
to: 

Albanv    16.9  cts. 

New  York  16.9     " 

Philadelphia    15.9     " 

Baltimore    15.4     " 

Boston    18.9     " 

Buffalo     11.6     " 

Cleveland     10.5     " 

Birmingham    45        " 

Cincinnati    15.8     " 

Chicago    18.9     " 

Denver   68.6     " 

St.    Louis    23.6     " 

New  Orleans    30        « 

Minneapolis     32.9     " 

Indianapolis 17.9     " 

Kansas  Citv   43.6     " 

Omaha    . . ." 43.6     " 

Pacific  Coast  Points    (Rail) 80        " 

Now  that  the  Panama  Canal  has  been 
opened  to  traffic  ocean  freight  rates  on 
reinforcing  bars  to  Pacific  Coast  points 
have  been  established  which  materially 
lower  the  delivered  cost  of  bars  from  the 
east.  The  rates  per  100  lbs.  to  Pacific 
Coast  points  for  large  lots  are:  From 
Pittsburgh,  61.9  cts.;  Chicago,  76.5  cts.; 
Youngstown,  63.9  cts.;  New  York,  45 
cts.;  Bethlehem,  52.9  cts. 


Trade  Publications      n 


The  Engineering  Department,  State 
Coll.,  of  New  Mexico,  has  published  a 
special  ntnnber  of  The  Round  Up,  a 
weekly  college  publication  containing  in- 
teresting notes  of  engineering  activities 
in  the  Southwest. 

Medusa  White  Portland  Cement — San- 
dusky Portland  Cement  Co.,  Sandusky, 
Ohio^  paper,  9"  x  7",  32  pp.,  illust.  This 
booklet  describes  in  minute  detail  the 
use  of  Medusa  White  Portland  cement 
for  building  ornamentation,  concrete 
building  block,  interior  decoration,  ceme- 
tery work,  parks  and  grounds,  tile,  mo- 
.saic,  statuary,  etc.  The  method  of  using 
this  cement  for  stucco  work  is  also  thor- 
oughly described,  and  illustrations  given 
of  typical  buildings  wherein  this  cement 
has  been  used.  Testimonial  letters  are 
also  given  from  manj'  users  of  Medusa 
cement. 

Medusa  Waterproofing  Paste — Sandus- 
ky Portland  Cement  Co.,  Sandusky,  Ohio, 
paper,  51/2"  x  3%".  A  4-pp.  folder  de- 
scribing the  use  of  Medusa  Waterproof- 
ing Paste,  with  the  quantities  required, 
and  pointing  out  the  convenience  of  the 
paste  over  the  powder  form  formerly 
manufactured   by  this  company. 


June,  1915 


TA 
680 
C72 
V.6 


ENGINEERING 


Concrete 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


^'VG/ZV 


^^O^AQS 


